—non-odherent, 
lubricant, 

emollient, and 
sterile dressings 
for burns and 
wounds of 
traumatic or 

~ surgical origin 


—non-toxic, 
non-macerat- 
ing, separable, 
and sterile 
packing 
material for 
post-operative 
plugs, pocks, 
rolls, and 
tampons 


—non-irritating, 
non-sticking, 
pliant, and 
sterile material 
as wick or drain 
or wrap-around 
for tubing. 


In Two Convenient Sizes: 


THE SIMPLE, BLAND, STERILE 


Always ready —always sterile: 
VASELINE Sterile Petrolatum Gauze 
Dressings are so handy and so useful 
wherever an emollient, non-adherent, 
non-irritating, and non-macerating 
Covering, Packing, or Drainage 
material is indicated, for emergency or 
routine application. From compact 
foil-envelopes, they may be cut into 
strips or pads of various dimensions, 
or folded, or used full-length. Fine- 
meshed absorbent gauze (44/36, 
Type I, U.S.P.) prevents growth of 
granulation tissue through gauze. The 
light, even impregnation with sterile 
petrolatum (white petroleum jelly 
U.S.P.) avoids danger of tissue 
maceration. 


CHESEBROUGH MFG. CO., CONS'D 
PROFESSIONAL PRODUCTS DIVISION 
NEW YORK 4, N. Y. 


Vaseline 


Trade-Mark ® 


Sterile 


No. |, UNIT ENVELOPE 


6 envelopes to the carton 


Petrolatum Gauze 
Dressings 


2, DUPLEX ENVELOPE 
6 envelopes to the carton 


Two 3 


IN BURNS, WOUNDS, AND MANY SURGICAL PROCEDURES | 


Available through your 
regular source of supply 
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heo-synephrine hydrochloride constricts the engorged mucosa surrounding the 
ostia, permitting free entrance of air and free drainage of secretions. 
Neo-Synephrine hydrochloride affords prompt and prolonged 


decongestion with virtually no irritation or congestive rebound. 


HYDROCHLORIDE 
BRAND OF PHENYLEPHRINE HYDROCHLORIDE 


1%{% solution (plain and aromatic), 1 ounce bottles; 1% solution, 
1 ounce bottles; 44% water soluble jelly, 544 ounce tubes. 


Neo-Synephrine, trademark reg. U. S. & Canada 


Stans we 


New Yorw 13,.N. Y. Winosor, Onr. 
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POISON! 


We Here are the facts you need 
to defend your plant: 


THE CHEMISTRY OF 
INDUSTRIAL TOXICOLOGY 


By HERVEY B. ELKINS, Chief of Laboratory Division of 
Occupational Hygiene, Massachusetts Department of Labor and Industries 


This book is specifically for chemists and engineers. 
Ordinary books on toxicology stress the physiologi- 
cal effects of poisons on the human body. THE 
CHEMISTRY OF INDUSTRIAL TOXICOLOGY 
describes the poisons themselves, the industrial 
processes in which they occur, how to detect poisons, 


and how to do away with or minimize their effects. 


ye Gives You This Vital Informatio ——_ 


What toxic substances are, how they get into the body, and what 
effect they have on various parts of the body. 


@ Tests for existence of potential danger. 


@ Study of present and potential industrial poisons—covering over 
200 elements and compounds. 


@ Common ways in which dangers from industrial poisons can be 
eliminated or lessened. 


@ Types of processes which produce toxic 
substances and analysis of danger involved 


EXAMINE THIS BOOK FOR 10 DAYS 


in each type. r ON APPROVAL COUPON 

@ List of maximum allowable concentrations JOHN WILEY & SONS, INC. a 
for 215 substances. 


440 Fourth Ave., New York 16, N.Y. 


Please send me, on 10 days’ approval, a co 
@ Current fallacies about industrial poisons. of Elkins” THE CHEMISTRY OF INDUSTRIAL j 


TOXICOLOGY. If I decide to keep the book 
@ Detailed examination of equipment and I Till remit 95.50 plus postage; otherwise 1 1 
wi return ve 200. pos pa a. 
methods used to test toxic substances. 


February 1950 406 pages $5.50 


Zone... . State 

(Offer not valid outside U.S.) 1 HO-3-50 
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Help put your safety program across by 
knowing the hazards in the air your workers 
breathe. Willson air sampling equipment is 
highly effective in detecting the amount of 
dusts or chlorinated hydrocarbon vapors in 
the air. This apparatus serves as a guide to 
the degree of hazard surrounding a particular 
job and indicates the extent of respiratory 
protection necessary to maintain better 
health and to reduce absenteeism. 


Impinger Norrie 


Flask Stoppe 


Naggle Stopper- Sma! 


> oar 


For use by chemists or engineers in Depart- 
ments of Health, Industrial Hygiene, In- 
surance Companies, Chemical Industries, 
Degreasing Plants, ete., for the determination 
of the concentration of chlorinated hydro- 
carbon vapors, such as trichloroethylene, 
chlorinated naphthalenes, and chlorinated di- 
phenyl in the air 


IMPINGER DUST SAMPLING APPARATUS 


Used by the U. S. Public Health Service, 
State and City Health Depts. Insurance 
Companies, Mines, Smelters and Manufac- 
turing Plants for determining the quantity 
of dusts which may cause pulmonary bHbrosis. 
Available with either electric or compressed 
air suction apparatus as illustrated. 


SEND FOR BULLETIN WITH COMPLETE INFORMATION 


GOGGLES + RESPIRATORS + GAS MASKS +» HELMETS 


PRODUCTS INCORPORATED 
READING, PA., U.S.A. Established 1870 


211 WASHINGTON STREET, READING, PA., U.S. A. 


: 
DOUBLE 


Doctor... 


Here are two great Spot Tests 


that simplify urinalysis .. . 


GALATEST 


The simplest, fastest urine 
sugar test known. 


ACETONE TEST ' 


(DENCO) 


For the rapid detection of Acetone 
in urine or in blood plasma. 


A LITTLE POWDER... 
A LITTLE URINE . COLOR REACTION IMMEDIATELY 


Galatest and Acetone Test (Denco)...Spot Test 

that require no special laboratory equipment, liquid 

reagents, or external sources of heat. 

One or two drops of the specimen to be tested are 

dropped upon a little of the powder and a color re 

action occurs immediately if acetone or reducing sugar 

is present. False positive reactions do not occur. Be- 

cause of the simple technique required, error resulting) 

from faulty procedure is eliminated. 

Both tests are ideally suited for office use, laboratory, 

bedside, and “mass-testing.” Millions of individual} 

tests for urine sugar were carried out in Armed Forces 

induction and separation centers, and in Diabetes 

dropper and color chart. Available at all Detection Drives. 

The speed, accuracy and economy of Galatest and 
Acetone Test (Denco) have been well established. 

BIBLIOGRAPHY Diabetics are easily taught the simple technique. 
Acetone Test (Denco) may also be used for the detec- 
tion of blood plasma acetone. 


Duncan, G. G., Carey, L. 8. & Hudson, M. T.: Mot 
cai Clinies of North America— —Phila., No., 
B. Saunders Co., Phila., 1949—P. 1538 
Lowsley, 0. 8. & Kirwin, T. J.: Clinical Urology—Vol Write for descriptive literature. 
1, 2 Ed, Balt, Williams & Wilkins, 1944—- 
P. 31 


D . G. G.: Dise of Metabolism Phila. 


Vee ae Dept. 14, 163 Varick Street, New York 13, N.Y. 


Bacon, Metin: The Journal of The Maine aston! 
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Stanley, The American Journal 
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skin normalize 


Sav Heavy Duty t oS, Heavy Duty to others. That 
to describe its merits’ “Exanor ny. Its ma formulation, the 
of honor an ong skillful blend ng of its many fine ingredients, 
all fine skin cleansers.’ it outstanding’ cleansing efficiency, have actu- 
ability.” and other occupational skin cleansers which 
licited testimonials. However, customer fits many merits. : 
if! th Pax-Lano. that “Economy” is'also one o many merits, 
Sav Heavy Duty ne ed no superiatives to this remarkable skin clean: 
phasize their satisfaction. Conti ntinued Use Then you too will seek words of commendat 
; _ their recommendation for its excellence. describe a wonderful experience in what an 
a >| PAX.LAN AVe 
a G. H. PACKWOOD MANUFACTURING CO. - 1545-55 TOWER GROVE AVE. - ST. LOUIS 10, MO. 
were of Pine Industrial Shin Cleansers *Tradenome of GH Packwood Mtg Co is 
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SIMULATION AND SELF INFLICTION AS ENCOUNTERED 
IN INDUSTRIAL DERMATOLOGY 


JOHN GODWIN DOWNING, M_D. 
Professor of Dermatology, Boston University School of Medicine and Tufts College Medical School 
BOSTON 


N INDUSTRIAL dermatology, simulation and dissimulation are 

complementary; that is, the applicant for work pretends that his 
skin is normal and conceals his cutaneous disease. The aftermath of 
this concealment may be a claim for compensation. Such a fraudulent 
claim, a deliberate aggravation of an alleged industrial injury or the 
seeking of employment which an applicant knows is dermatopathogenic 
to him should be considered malingering. 

Human beings early learn the advantages of malingering. The 
infant realizes that a timely outburst of crying will arouse attention and 
solicitude on the part of his parents. The child, the youth or the adult 
may feign illness in order to invoke sympathy or to free himself from 


the performance of undesirable tasks. Various forms of deception, 
fraud, simulation and malingering are seen in everyday life. In fact, 
few persons can honestly say that they have not practiced it in some 
form in their private or public life. 


Simulation of good health is practiced in many ways. Those who 
examine applicants for employment, insurance or military service must 
always be on the alert for those who are concealing physical defects. 
It is important that deception be exposed in occupational medicine, 
especially when the factors of compensation and safety of other workers 
are involved. The largest group of offenders are those who have suf- 
fered an occupational dermatitis at one plant, have been treated and 
have obtained compensation, often a lump sum settlement. They then 
secure employment at the same type of work, deliberately expose them- 
selves to irritants that will cause a recurrence or a new injury, and 
seek compensation from the second employer. Some of these workers 
have received large sums of money over a period of years. 

The next largest group is constituted of those suffering from chronic 
diseases such as psoriasis, seborrheal eczema and atopic dermatitis. 
They secure employment and are able to work, but if they sense a layoff 
they immediately report an eruption, claiming that it is due to the 
occupation and denying that there was any disturbance prior to employ- 
ment. If, however, the eruption was noted at the time of employment, 
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they allege thatthe work aggravated the disease. It therefore behooves 
the plant physician to write out a complete description of the eruption 
and its extent at the time of the preemployment examination. There 
is no excuse for a physician's overlooking a cutaneous disturbance at 
this time. Atopic dermatitis or neurodermatitis is difficult to deny if 
the worker has been contacting irritants. Such patients suffer from 
seasonal attacks and frequently seek hazardous employment, denying 
any previous eruption; therefore, even the expert is deceived by the 
history and the presenting signs. Industry generally pays for these 
seasonal attacks, for no commissioner will believe that the well developed, 
recognizable generalized eruption is not a continuation of the acute 
eruption of face and arms originally accepted as being occupational. 
Malingering as the term is applied in compensation cases has been 
defined as an attempt to deceive by feigning, inducing or prolonging 
either sickness or injury... Nothing is said of the worker who has 
obtained employment by concealing disease or disability. Self-inflicted 
injuries have been classified as dermatitis factitia or artefacta, patho- 
mimesis, autophytic eruptions, hysterical gangrene or stigmas and 
several other conditions. They are caused by primary irritants of the 
skin—mechanical, physical or chemical—applied with a deliberate 
attempt to arouse sympathy and attention, or to gain remuneration, or 
because of mental aberration. In industry the motive is almost always 
compensation (fig. 1). Males predominate in this group of patients. 
When confronted with a self-inflicted eruption, the physician must 
try to visualize what method or means could cause such disfigurement. 
Some malingerers become quite artistic in their design. Powerful 
chemicals are the favorite weapons. The color|of the lesion may suggest 
the chemical, but I have never been able to indicate the chemical used 
from the appearance alone. Benedek? stated] that careful examination 
of the hairs in and around the lesions may give a clue to the chemical 
used and that acids change the color and thé cuticle of the hair. In 
the right-handed person the lesions are on the left side; the reverse, in 
the left-handed person. The scars of previous lesions are valuable 
diagnostic aids. They frequently tend to have a keloidal center, with 
radiating fibrous bands forming a star-shaped scar; the skin intervening 
is atrophic and white (fig. 2). The commonest type is the gangrenous 
ulcer, with a characteristic black eschar (fig. 3). 


To the expert the 
self-inflicted dermatosis is self evident. It 


is destructive and does 
not conform to the usual dermatopathy. It is a bizarre eruption, too 


1. Workmen’s Compensation Acts: ‘“Malingerer” 
J. A. M. A, 105:746 (Aug. 31) 1935. 

2. Benedek, T.: The Hair as Circumstantial Evidence in a Case of Malinger- 
ing, J. Invest. Dermat. 9:55-61 (July) 1947, 
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artistic to be natural. Many types of eruptions have been described 
in the literature, including ecchymotic patches or suggillation caused by 
pressure and suction, ringworm-like lesions from burning the skin with 
hot eggcups or tops of bottles, parallel scratches from scissors or combs, 
friction burns from coarse cloth or sandpaper, and all sorts of spiral 
and crisscross abrasions from implements such as forks or brushes. 
Self-inflicted burns from matches are usually detected by the smoke stain 
at the periphery. I caught a patient in the act of thus burning his 


Fig. 1—The worker was awarded total compensation for these artistic lesions. 


finger. Study of the patient and ¢areful history-taking are important. 
The patient may be a good actor, but the history does not ring true. It 
is interesting to watch the acts put on by these patients. The symptoms 
are out of proportion to the lesions. Repeated history-taking will 
frequently reveal contradiction. 

Self-mutilation of the skin is rare among industrial workers. I 
have noted only 18 cases in many thousands of claims. The eruptions 
have varied from hemorrhagic patches to heaped-up excrescences of the 
skin. Only 2 workers admitted deception, both in the second attempt 
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to claim compensation, after I had exposed them in the first attempt 


and later unexpectedly confronted them when again called in as a 
consultant (fig. 4). 


Fig. 2.—Characteristic star-shaped scar photographed twenty years after 


healing in a proved case of dermatitis factitia. 


na t The lesion was produced in order 
that the subject might escape military service. 


One should be constantly on the alert for the patient who intentionally 
or unintentionally prolongs his disability. Interest in the ways he 
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is spending his free time may reveal dissipation, pastimes or private 
work in which he comes in contact with irritating or sensitizing chemi- 
cals. Careful examination of the hands will disclose whether calluses 
are disappearing, as they should after weeks of inactivity. Suspicion 
should be aroused by the failure of an eruption to improve, although 


Fig. 3.—These extensive ulcerations gained a lump sum settlement of only six 
months’ disability after the judicious application of a plaster cast. 


the patient is enthusiastic about his progress and indifferent to the 
results of treatment and the duration of the dermatitis. The employee 


anxious to return to work becomes impatient when the disease persists 
for over a month and wants to know the reason. Perhaps the worker 
is unwittingly causing continuance of the eruption by the use of soap 


and water, by self medication advised by a druggist or a neighbor, or 
by alcoholic or dietary indiscretions. All these aggravations should be 
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carefully explained to the patient, and if continued should be con- 
sidered deliberate acts. Frequent hand-washing is a common method 
of producing and prolonging dermatitides. 

Frequently dermatoses arising from occupation have an intense 
psychologic effect on the injured, especially skilled workers. They find 
themselves afflicted with a disfiguring eruption that makes them feel 
like social outcasts. Intense fear that the disturbance is contagious 
affects them, their families and associates. They feel that their system 
has been “poisoned” and that they will never be able to return to work. 
\n understanding physician will give prompt reassurance on all these 
points.” The mental attitude of the patient suffering from an occupa- 


Fig. 4.--Two weeks’ application of a plaster cast ended the appearance of these 
peculiar tortoise shell—-like excrescences of the palms of two years’ duration. One 
year later, however, the patient was seen with the same lesions, which healed then 
by mere observation by me. The second claim was rapidly settled. 


tional dermatitis is even more important than that of a patient suffering 
from diseases due to natural causes. 

In deciding cases a differentiation must be made between hysteria 
and true malingering. Workers who have suffered from severe, pro- 
longed dermatitides with intense itching may have honest fixed con- 
victions that the skin has been permanently injured. If return to work 

produces a new outbreak of dermatitis, they consider this proof that 
“poison” remains in the system. If during the healing stage of the erup- 
tion a trial test of manual labor is performed and an exacerbation 
occurs, worry about future earning capacity results. The employee 
ready to be discharged from treatment surreptitiously contacts the 
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irritants that caused the original dermatitis in order to test the skin. 
This exposure is usually denied, and the puzzled physician seeks for 
other causes. These patients are as a rule honest; they are alarmed 
about the future and need constant reassurance. Most of them refuse 
a lump sum settlement, preferring the security of compensation and 
medical care. Others set as their goal a large sum of money to enable 
them to enter into some other occupation, and they prolong the derma- 
titis until such a settlement has been made. 


True malingering is a definite intention to defraud and to claim 
compensation for an injury or a disability that did not arise out of or 
in the course of employment, or it is wilful damage of the skin or aggra- 
vation for the purpose of falsely obtaining remuneration. In occupa- 
tional dermatology it may assume various forms. A claim is made 
for a dermatitis arising from an irritant known to the worker to arise 
outside of employment. The worker's deliberate seeking of reemploy- 
ment at another plant where he knows that there exist chemicals to 
which he is hypersensitive, for the main purpose of sustaining a new 
injury after he has received a lump sum settlement might also be con- 
sidered malingering. However, the responsibility rests on the employer 
to discover these facts. The man’s working capacity is perhaps based 
on this trade, which involves contact with allergens. In order to main- 
tain his livelihood he has no recourse other than to seek such employ- 
ment. If on proper questioning, however, the applicant withholds any 
information or lies about his previous history, such acts might be 
considered deliberate. Although there is a law against them, it is 
difficult to enforce because many honest workers do return to work in 
desperation and are even willing to sign away their rights. The 
following case is an example’: 


R. N. vs. R. G. S. Co.; hearing June 29, 1933. The claimant, a baker, suffered 
a dermatitis while employed and received compensation. He then requested work 
at his place of employment and signed the following statement: “I, R. N., will 
not hold the R. G. S. Co. responsible for disability resulting from any condition to 
my skin through my occupation as baker with them.” It was agreed that he had 
baker’s eczema, but there was no medical testimony forbidding him to return to 
work. Despite the signed statement, the member of the Industrial Accident Board 
ruled that this had no legal effect on the employee, since it was not a waiver within 
the terms of the statute, and that when the employee was compelled to stop work 
because of his dermatitis he sustained a recurrence and was therefore entitled 
to compensation. This decision was confirmed by a reviewing board. 

Finally, there is the deliberate use of physical and chemical agents 
to produce damage of the skin. The diagnosis of dermatitis factitia is 


a serious decision, for the production of this condition is a criminal act, 
3. Downing, J. G.: Analysis of Claims in Industrial Dermatoses, J. A. M. A. 
111: 1536-1542 (Oct. 22) 1938. 
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punishable by law. How shall one classify the worker whose skin was 
recently healed after an extensive occupational dermatitis, and who 
then used soap and water to convince himself that he could return to 
a normal existence? Or the female worker who washed her family’s 
clothes or dishes before she was discharged as cured? Ajfter all, these 
are the routine acts of normal existence ; however, they often produce 
a recurrence of the dermatitis. 

One of the most difficult problems is that of the housewife who also 
works full or part time. She may be employed washing dishes, con- 
tacting various resins or doing similar wet work; in a short time she 
suffers a contact dermatitis. Undoubtedly, she could have done one 
job with impunity, but the combination of home and outside activities 
was too much for her skin. The problem is to determine which is the 
chief causative factor. Industry pays. The woman goes on compensa- 
tion and stops her outside work, but continues to care for her family 
and her dermatitis persists indefinitely. It is an easy way to help the 
family budget. The law will not prohibit the performance of the normal 
functions of life. 

Also, there is the young girl who suffers a mild dermatitis and 
continues work until a short time before marriage. Then, claiming 
that her dermatitis is disabling, she stops work and goes on compensa- 
tion. She appreciates the extra spending money and it takes several 
hearings before one can convince a commissioner that she is not disabled 
because of a small patch of dermatitis on one finger or the back 
of the hand that comes and goes mysteriously but which is always 
present at the time of a hearing. 

After a case has been accepted by the insurer and compensation has 
been awarded for what was considered an injwry arising out of and in 
the course of employment, it is practically imppssible to discontinue the 
compensation, no matter how prolonged its| course. The attending 
physician may be convinced that the patient is deliberately or inten- 
tionally prolonging his disability, and may express this opinion to the 
insurer, and the latter may immediately demand a hearing and try to 
impress the commissioner with the expert opinion of the physician. 
However, it is of no avail, and perhaps rightly so, because there is 
always the possibility of error. The only fact about which the com- 
missioner is concerned at subsequent hearings is whether or not the 
patient is disabled. If he is, regardless of the causative factor, the 
worker will continue on compensation to final payment. Therefore, it 
is well to consider all factors. This is one of the reasons why many 
insurers try to delay the acceptance of claims, and, unless forced, will 


not pay the worker as long as he is suffering from a cutaneous 
eruption. 
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Persistent scratching is one of the commonest causes of the pro- 
longation of industrial dermatitides. Whether this be unintentional, 
hysterical or deliberate malingering is difficult to determine. Frequently, 
one sees a youth with an extensive atopic dermatitis resting com- 
placently at the hospital until the arrival of relatives or visitors, and 
then violent scratching starts. Without elaborating on the large num- 
ber of dermatologic entities that are thought to be wholly or partly 
psychologic, I think it is generally agreed that scratching is self-inflicted 
mutilation of the skin. It may be a deliberate or an unconscious act. 
All animals, human or otherwise, scratch, for pleasure, habit, protection 
or for relief of an intractable pruritus. 

The factitious lesions brought on by scratching are the bane of the 
dermatologist, especially one treating disabled workers. They are the 
commonest type of self-inflicted injuries. With infestations and systemic 
disease ruled out, the patient recovering from a dermatitis due to indus- 
trial exposures should be able to control the desire to scratch. Itching 
arises from epidermal receptors of pain. As a result of chemical 
changes in the skin these receptors are excessively stimulated, causing 
the pruritic sensation. It is therefore difficult to know exactly when 
these effects have disappeared, and the physician is unable to distinguish 
between the patient who has a definite itch and the malingerer who 
continually scratches to prolong his compensation. External stimuli, 
such as ointments and lotions, may prolong the pruritus, especially in 
the honest worker who believes that the more he applies the medicament 
the quicker will be the healing. This type of worker is often cured by 
being permitted to return to a different type of work while under treat- 
ment; a lump sum settlement often produces the same effect. In 
treating the subject of an industrial dermatitis, one soon learns of the 
financial and family worries of the patient and realizes the importance 
of these factors in the unintentional prolongation of an ergodermatitis. 


It is comparatively easy to institute a claim for an occupational 


dermatitis. The causes of many cutaneous manifestations are obscure 
and doubtful, not easily recognized and often unknown. ‘The onset is 
gradual, the time of injury is indefinite, and the worker is unable to 
state how or when it happened. There is no sudden happening, such 
as an acute wound; the dermatitis may start as a slight break in the 
skin that gradually increases and spreads until it is disabling. The 
impostor who is working with irritants will, if disgruntled, irritate his 
skin with these substances when laid off or discharged. And who can 
prove that he did not have an eruption on the last day of work? The 
claim that he could not have been disabled if he was working does 
not prevent a decision in his favor. 
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The patient often delays in consulting a dermatologist, so that weeks 
or months may have elapsed before he is seen. Perhaps the industrial 
surgeon has operated more than once on a black lesion that he has mis- 
taken for a melanoma; he is loath to admit his error and seeks consulta- 
tions from other surgeons or neurologists. Dermatitis factitia is an 
unwelcome diagnosis to all parties concerned, and it takes a great deal 
of evidence to convince an industrial commissioner that it is correct. 
One wrong diagnosis of self-inflicted injury is never forgotten. A sur- 
geon made such a diagnosis in a case in which the lesion was later 
proved to be squamous cell carcinoma, and the Massachusetts Industrial 
Accident Board has always remembered it. A trained eye would not 
be so deceived. 

Workers are apt to attribute all eruptions to their work and are 
often abetted in this by their physicians. Recently I saw a truck driver 
whose physician’s written statement testified that he was suffering 
from cement poisoning, although he had had no contact with cement 
for months. He had a classic eruption of herpes zoster of the lower 
thoracic segment, with preceding pain, tenderness and characteristic 
eruption. Even the worker himself knew he had “shingles.” Why do 
physicians, apparently reputable, sign such pra cate Workers are 
not necessarily fakers. In their ignorance of medicine they may believe 
that the herpes zoster is due to a chemical; in sqme cases the attending 
physician permits or encourages this misconception to insure payment of 
his bill. Workers’ memories can be easily jogged by a physician or a 
lawyer, or without the help of either. The trivial injury of a book 
falling on the back of the hand was the one from which a patient’s 
scleroderma allegedly originated, according to the patient’s physician. 

Cases of stasis ulcer and eczema are the subjects of frequent industrial 
accident board hearings in Massachusetts. A trivial blow at work 
is blamed for the onset of one or both conditions (fig. 5). A stasis 
dermatitis is the type of eruption that is pron¢ to respond unfavorably 
to the use of such agents as phenol, mercury, sulfonamides, penicillin, 
ethylaminobenzoate and similar sensitizers. Occasionally the patient 
denies having had an eruption anywhere except on the hands and arms. 
When forced to undress, he becomes indignant if requested to remove 
a bandage from the leg, where the eruption really started. It is usually 
found that the treatment given for the original eruption of the leg, not 
the occupation, was the causative factor. The worker should be able 
to prove that the injury occurred, either by a dispensary record or by 
the testimony of a fellow-worker who observed it or that of the plant 
physician. 

Many claims are settled by the insurer’s giving the plaintiff what 
is called a nuisance settlement. In other words, if the worker is con- 
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sidered disabled, or if he had a questionable disability, rather than 
continue compensation and payment of medical costs, the insurer and 
the employer may deem it advisable to grant the plaintiff weeks’ or 
months’ advance compensation and sufficient money to pay for whatever 
medical care is necessary during this period. If these settlements are 
generous enough, the commissioner may grant them. If this compen- 


Fig. 5.—Self-induced eruption. It was produced by first making a small 
incision, into which a chick-pea or garbanzo was inserted and covered with 
cabbage leaf. The pea secretes oxalic or malic acid, which induces tremendous 
erythema, edema and localized necrosis. The patient was so proud of his 
accomplishment that he readily posed for this picture. 


sation is accepted, the case is then closed, and the plaintiff cannot collect 
further damages on his claim. 

In cases in which a claim is made for a disease which I or another 
dermatologist reports as nonindustrial (for example, pemphigus, sclero- 
derma, dermatitis herpetiformis, dermatitis exfoliativa or periarteritis 
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nodosa ) and the cause of which is unknown, the claim is often considered 
as a nuisance and settled with a small lump sum. In these instances 
the insurer or the employer has learned from past experience that even 
dermatologists will occasionally take the stand and state that inasmuch 
as the cause of the disease is not known, there is the possibility that in 
this particular case it might have arisen from some alleged trivial trauma 
sustained weeks or even months before the onset of serious illness. In 
case of a fatal termination, expensive death claims may result. 


Lump sum settlements are often recommended by the attending 
physician, for in a long-drawn-out case he suspects that the disease is 
being deliberately prolonged by the judicious application of a rough 
towel or the use of soap and water; however, he has no means of 
proving his suspicion. A lump sum settlement is a relief to the physician, 
the patient and the insurer, but this is a dangerous procedure. In 
reality it often sets an exorbitant price on a trivial injury. It may 
influence the inexperienced commissioner in deciding in similar cases 
that a disease of unknown origin, considered as due to natural causes, 
may arise from an occupational exposure, especially if there is in the 
literature any report—no matter how exaggerated—to confirm this 
impression. A decision for the plaintiff is always more popular than 
one for the insurer or the employer, but is always expensive to industry, 
which in turn makes the consumer pay through increased prices. 

The knowledge that a fellow member of a union or a lodge has 
received $2000 or more for a dermatitis arising from a trade rapidly 
spreads through the group, and all members similarly affected decide 
that their injury is worth the same sum of money. They may honestly 
believe that they are entitled to this award] because they have been 
poisoned by exposure to the industrial hazard and will never return 
to normal health; hence, they make exorbitant claims. During a slack 
period of work, payment of a large lump sum settlement started an 
avalanche of claims among a group of workers of the same nationality 
and trade. One recipient of a large sum of money opened an office 
and displayed in the window a sign reading, “How to obtain riches that 
endure; inquire within.” On police investigation, however, this office 
and display card were said to be for the purpose of selling religious 
books. The man within a few weeks instituted another claim for a 
similar type of dermatitis allegedly due to the same work that had caused 
his previous attack. The reception of this claim was met so efficiently 
that similar claims in the neighborhood ceased. If all such claims were 
handled in such a thorough and courageous manner, fewer such 
allegations would be made. 

In 1932 a 46 year old man employed by the K Shoe Company reported a 
dermatitis of the right hand, which was due to his work as a shoe treer. The 
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physicians examining the man were not convinced that the dermatitis was due to 
his work, for it was not like the usual treer’s dermatitis. However, there followed 
a long period of litigation and hearings by the Industrial Accident Board until 
finally the insurer became afraid of the case and, in July 1936, made a lump sum 
settlement of $900, which covered a future disability for a period of approximately 
one and one-half years. The total payment on this claim then came to $2,698.28. 
Despite this lump sum settlement, about seven weeks later the employee went to 
work as a treer for the R Company, at which time he stated that his hand was 


Fig. 6.—These small localized lesions produced only a court conviction and a 
fine for the possessor. 


entirely healed. He worked until about October 1936, when he was laid off 
because of lack of work. He then claimed that a dermatitis of the right hand was 
due to his work. The plant physician, who had treated patients for treer’s 
dermatitis, considered the eruption nonoccupational and the claim was refused. The 
man hired the lawyer who had represented him at the former hearing, and also 
employed the same physician. Shoe treers dress, clean and iron shoes and are 
subject to a dermatitis, but it usually appears on the tips of the first, second 
and third fingers of the right hand. When I first examined this man, in December 
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1936, he showed on the dorsal aspect of the distal half of the right second and third 
fingers and the dorsum of the right band ten small uniform bullous lesions, 
discrete and sharply outlined, with no surrounding edema or erythema (fig. 6). 
I expressed the opinion that the eruption was not the type seen in shoe treers— 
that is, not occupational. Inasmuch as his work was known to cause a dermatitis, 
in February 1937, at the request of the insurer, [ made patch tests on his skin with 
the substances with which he came in contact at work (cleaning fluid and leather) ; 
the results were negative. At this time the patient's previous lesions were healed, 
but he had similar new ones. I reiterated that his dermatitis was not occupational. 
In April 1937 the Industrial Accident Board sent him to a board of referees, 
whose unanimous opinion was that his was a self-inflicted dermatitis, the final 
diagnosis being dermatitis factitia. I reexamined him a week later, at which time 
he showed the same type of lesion, suggesting dermatitis factitia, and I so 
expressed my opinion. When these facts were presented to his lawyer and physician, 
they withdrew from the case. However, the man was not to be deterred, but 
pushed his claim. At a hearing in April 1938 I testified that the man had 
dermatitis factitia and the referees’ diagnosis was incorporated in the testimony. 
The commissioner then found that the claim was not sustained and that the 
dermatitis was not caused by the employment or related to it in any manner. He 
was convinced that the employee for the purpose of obtaining compensation caused 
the dermatitis by applying some substance or substances to his hands, and assessed 
costs against him to the sum of $100. The man refused to pay the costs, and in 
November the case was brought to the Superior Court. The court ordered him to 
pay to the insurer the cost assessed. The insurer persisted and some time later 
brought the man to court. Finally, in June 1941, the!cost assessed was collected. 


This is the only case of its kind which I can find on record in the 
Superior Court or in the files of the Industrial Accident Board. How- 
ever, it proves that if physicians and insures are convinced that a 
claim is fraudulent, proper handling will result in the cessation of some 
but not all fraudulent claims. 

As distinguished from the previous case, how is the following one 
to be classified—-as an instance of traumatic neurosis, localized gangrene 
due to arterial spasm (fig. 7) or simply ulcerdtion from unknown cause? 


In October 1941 a 56 year old housewife while at work suffered a puncture 
wound under the nail of the left thumb. This was treated without improvement, 
and a black granuloma, 0.5 cm. in diameter, appeared under the nail. The clinical 
diagnosis was melanotic sarcoma. The mass was excised, and the pathologic 
report was “a mass of keratinized epithelium, probably nonmalignant.” Since that 
time the woman has received multiple roentgen ray treatments and undergone 
sixteen operations, including excision of the ulcer, partial amputation, radical 
amputation and dorsal sympathectomy. Every type of laboratory procedure has 
been performed, and serologic, mycologic and bacteriologic studies have given 
negative results. On repeated studies, several pathologists have been in agreement 
that the pathologic condition is hyperkeratosis with fibrosis and chronic inflam- 
mation, nonspecific. Each operative procedure was followed by apparent healing 
until the patient was ready for discharge, and then the same black lesion would 
reappear. When I first saw this woman, in October 1943, she showed at the base 
of the left first metatarsal a circumscribed circular area about 1 cm. in size and 
covered by a black eschar. My diagnosis was dermatitis factitia, and I recom- 
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mended that a plaster cast be applied for four weeks. However, the cast was 
removed after two weeks, at which time the lesion had disappeared, only to reappear 
later at the same site. In the opinion of the attending surgeon the reappearance 
of the lesion repudiated my diagnosis, and the patient was subjected to further 
operations. She was examined by a vascular surgeon in January 1944, and the 
diagnosis of causalgia, local gangrene due to arterial spasm, and thrombosis was 
followed by sympathectomy. The lesion healed and remained well for one month 


Fig. 7—Four weeks’ continuous application of a plaster cast (extended only 
to area proximal to knuckles of hand) healed the solitary lesion of three years’ dura- 
tion (A) but did not prevent new lesions being produced while the cast was in 
situ (B). 


only to appear a short time later, with subsequent operative procedure. What did 
the surgeon hope to accomplish? Each lesion was the same, and each pathologic 
examination revealed no serious growth. 


At the time I examined this woman she was apparently a placid 
person, keenly interested in relating her history and familiar with various 
medical terms and the drug therapy prescribed for her. She had no 
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tremor, and there was no appearance of marked hyperexcitability or 
of depression. Since 1943 she has been examined by numerous 
physicians, including neurologists and psychiatrists. It is reported 
that her mentality and physical appearance have changed. In 1947 
three impartial physicians described her mental condition as ranging 
from extremes of laughter to tears and stated that she was intensely 
emotional, discouraged, weeping and sensitive, and that a marked 
tremor had developed. When examined in January 1947 she had a 
recent lesion, 1 cm. in diameter, on the anterior aspect of the left wrist, 
at the palmar junction, as well as a nodding tremor of the head. The 
psychiatrist’s opinion was expressed as follows: 

... from a psychiatric point of view she was unstable and emotional, and, based on 
her past experiences, was apprehensive about her future. The development of a 
new ulcer within forty-eight hours prior to her visit to my office did not in any 
way tend to decrease her apprehension. The organic evidences of previous 
sympathectomy are not disabling. The nervous reaction to her predicament is 
explanatory on the basis of her trauma and that which followed. Yet the 
symptoms have become intensified to the point where, because of their exclusiveness 
of her physical illness, she is incapacitated for occupation. 


Only a psychiatrist could understand that opinion. Up to the present 
time this woman has been paid $4,500, and;she is now entitled to 
permanent disability. In questioning her it has been apparent right 
along that she has had considerable financial worries inasmuch as her 
husband has not been well and has not been employed regularly for 
years. The fact that this woman is worse at the present time than she 
was at the beginning of her illness suggests that it would be advisable 
in such cases to be conservative in treatment, 

The dermatologic literature is replete with reports of cases of this 
type. Stokes and Garner * observed a similar case in which the initial 
experience was marked by a similar train 


of cutaneous injuries fol- 
lowing an industrial accident ; namely, runnihg a sewing machine needle 
through the left index finger. This injury was followed by blanching, 
erythema and a black discoloration, with a resulting series of amputations 
in various hospitals. Over a period of nearly twenty years the patient 
was never free from cutaneous lesions for more than six months at a 
time. From a diagnostic standpoint she was considered as having an 
emotional complex, interpreted as a major hysteria, and it was suggested 
that the cutaneous lesions were probably self induced during attacks 
of stupor. 

The other case involving a woman resulted in more or less the same 
type of hysterical reaction. 

4. Stokes, J. H., and Garner, V. C.: The Diagnosis of Self-Inflicted Lesions 


of the Skin: A Contribution to Physical Diagnosis in Dermatology, J. A. M. A. 
93: 438-442 (Aug. 10) 1929. 
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A 40 year old laundry worker in February 1932 allegedly received a second 
degree burn of the dorsum of her left hand from a pressing machine. She 
received daily treatment from her family physician for three months, at which time 
her hand was healed and she was told she could return to work. However, lesions 
began to appear on the dorsum of her left hand, and when I first saw her in Sep- 
tember 1932, the dorsum of the left hand and the skin showed patches of ecchymosis 
of various degrees of color from bright red to yellowish blue, desquamation and a 
few bullae. She was hospitalized, and in May 1933 a cast was applied from the dorsa 


Fig. 8.—Traumatic neurosis ??? These ecchymotic spots appeared for the first 


time on the upper arm after a plaster cast had been applied to relieve lesions on 
the hand. 


of the tips of the fingers to the elbow. Forty-eight hours later lesions appeared, 
for the first time, on the upper arm (fig. 8). They consisted of ecchymotic spots 
corresponding exactly to the imprint of the first three fingers and were similar to 
those she had repeatedly shown on the dorsum of the hand. This woman remained 
on compensation. In 1937 she was rehospitalized because of diarrhea. The diag- 
nosis at this time was traumatic neurosis. Psychiatric examination revealed that 
her home life was unhappy. In April 1938 examination revealed marked decrease 
of sensation of pain, more on the left side, especially on the left arm. All reflexes 
were hyperactive, and the corneal and gag reflexes were absent. The sensation of 
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pain was so diminished in the left arm that pricking with a needle caused no pain. 
This woman received the total amount of compensation awarded for an industrial 
injury. 


These cases were classed as instances of traumatic neurosis by the 
psychiatrist. They might also be classified as traumatic hysteria. This 
may be defined as a mental disease caused by trauma in which the 
victim actually suffers the disabilities of paralysis, anesthesia, loss of 
power or paroxysms which he claims in the unshaken conviction that 
he is disabled. His injury is just as real to him as if it actually existed. 
On the other hand, malingering can be defined as an intentional pretence 
of the existence of a nonexisting injury or disability for which the 
claimant seeks to obtain compensation, although he knows that he has no 
right to do so.° However, in most cases of workmen’s compensation 
in which the court has allowed an award on the basis of traumatic 
hysteria, the original injury has always been severe. In these 2 cases 
the original injury was trivial. 

A friendly attitude on the part of medical advisers, insurance investi- 
gators and employers is of great assistance not only in reassuring the 
patient but in reducing the length of disability. If an antagonistic 
attitude is assumed on the part of any of the three, it will cause a 
psychogenic reaction, with resulting delay of healing. On the other 
hand, if a friendly attitude is assumed, the patient will cooperate with 
the physician and try to get well. If there is litigation, it is rare that 
the patient is relieved before litigation is settled. It is in this type of 
case that one finds dermatitis factitia, which is extremely difficult to 
expose. Discussions with the defendants’ lawyers, who specialize in 
compensation work, reveal that the insurers have learned the value of 
cooperation. Their clinics are excellent; in their investigations the 
methods of approach have improved, there is less intimidation and 
there are fewer attempts to deny lawful claims. The patient is encour- 
aged to get well and assured by some companies that they will try 
to rehabilitate him. Rehabilitation is just as necessary for the skilled 
worker sensitized to the contacts of his trade as it is for the legless 
or otherwise crippled employe. 


SUMMARY AND 


CONCLUSIONS 


The practice of an industrial dermatologist is an excellent barometer 
of the financial status of the nation. During the lush period of the 
war there were no cases of malingering ; employees never stopped work 
except when a severe, disabling dermatitis occurred, and they returned 
before it was relieved. It was during the early 1930's that I encountered 
5. Rubenstein, I. H.: Traumatic Hysteria, Indust. Med. 6:132-133 (March) 
1937, 
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16 of my 18 cases of dermatitis factitia. During the first two months 
of the present year (1949) I had more cases of claims for slight erup- 
tions with which the patients had worked until they were laid off or 
sensed a layoff. In times of economic stress these workers feel that 
someone should take care of them. They have learned that a slight 
eruption on the hands can be labeled as disabling. It is difficult to 
distinguish the neurotic person from the malingerer. How can the 
physician prove that the patient does not itch if the patient makes such 
a claim? Cases in which true malingering is suspected should be 
thoroughly investigated and proper punishment meted out, as in the 
case cited. However, it takes courage on the part of the physician, 
the insurer and the industrial accident board to risk the ill feeling that 
must be anticipated by such a stand. 


520 Commonwealth Avenue. 
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RELIABILITY OF THE URINARY PORPHYRIN TEST 
FOR LEAD ABSORPTION 


RUDOLPH K. WALDMAN, Dr.Chem. 
AND 
ROY M. SEIDEMAN, M.D., Dr.P.H. 
HARTFORD, CONN. 


N INDUSTRIES where the workers are exposed to lead, it is of 

importance that early signs of lead absorption above normal limits be 
discovered before severe poisoning sets in. The determination of the 
amount of lead in urine or in blood is rather cumbersome, regardless of 
the method used. It is desirable to have a quick test which will show 
excessive absorption of lead in an early stage. The lead analysis of 
blood is more complicated than that of urine, and blood is not always 
willingly given by workers. Also, the amount of lead in urine is con- 
sidered a more valuable check on exposed workers than that in blood 
because, according to Kehoe and associates,’ an increase of urinary lead 
is the first sign of increased absorption, and changes of urinary lead 
concentration occur more promptly and are more marked than those of 
blood concentration. Industrial hygiene workers have recognized the 
need for finding a reliable screening test to indicate lead poisoning in its 
early stages. The erythrocyte basophilic aggregation count is widely 
used, although it is merely an index of bone marrow regeneration, and 
not specific for lead absorption or intoxication. 

The basophilic stippling of the red blood cells has been considered 
an carly sign of lead absorption. As the cells showing the basophilic 
stippling are youthful red cells, an increase of their number suggests 
stimulation of the erythrogenic tissue of the marrow, which occurs when 
the rate of destruction of red cells is high, as in dangerous lead exposure. 
Unfortunately, these cells are not peculiar to lead absorption but are 
present also in many other conditions, such as carbon monoxide, benzene 
or aniline poisoning and other diseases. They are found also in many 
normal persons not exposed to lead. On the other hand, in many cases 
of undoubted lead poisoning, and especially in chronic cases, the sign of 
basophilic stippling does not show. 


From the Bureau of Laboratories (Dr. Waldman) and the Bureau of Industrial 
Hygiene (Dr. Seideman), Connecticut State Department of Health. 


1. Kehoe, R. A.; Thamann, F., and Cholak, J.: Normal Absorption and 
Excretion of Lead, J. A. M. A. 104:90 (Jan. 12) 1935. 
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In 1948 de Langen and ten Berg reported a semiquantitative method 
for the estimation of increased urinary porphyrin in lead poisoning.* 
They claimed that this test is more indicative of lead poisoning than the 
basophilic aggregation of erythrocytes. The observation that porphyrins 
are increased in the urine in cases of high lead absorption is not new,’ 
but the increase has never been used as an indicative finding. It was 
reported as far back as 1893 and was produced by experiments in rab- 
bits in 1896. Since then, many other observers have recorded the same 
findings. It is believed that although the increase of the porphyrin 
excreted in the urine occurs before the development of basophilia and 
anemia, it does not have any relation to the severity of the manifestations 
of lead poisoning. Most of the recent authors have expressed the belief 
that an increased excretion of porphyrin is an important physiologic 
response to lead poisoning, although not specific. It was suggested 
for the first time in 1948 by de Langen and ten Berg, as stated, that the 
increase of urinary porphyrin might be used as an early indication of lead 
absorption. 

The porphyrins are pigments which fluoresce in ultraviolet radiation 
and which are derived either from hemoglobin or from chlorophyll. 
Hemoglobin may be separated into two components, a protein called 
globin and an iron-containing compound known as heme, the chloride of 
which—hemin—has been synthesized by Hans Fischer. Its essential 
structure involves 4 pyrrole groups. As the hemin loses the iron, it 
yields the organic portion of the molecule known as porphyrin. The 
many different porphyrins are known as substituted porphyns, the 
porphyns being considered as the mother substance containing 4 pyrrole 
nuclei. The hydrogen atoms numbered | to 8 are replaced in the nat- 
urally occurring porphyrins by a series of substituting groups. The sub- 
stituting groups may be methyl (CH,), propionyl (CH,COOH), vinyl 
(H.C : CH) and other groups. If the 8 hydrogen atoms are substituted 
by 4 ethyl and 4 methyl groups, 4 isomeric compounds are derived, called 
etioporphyrins types, I, I], III and IV. These theoretic etioporphyrins 
are considered as the basic structures of the existing porphyrins. All 
porphyrins so far fgund in nature correspond to etioporphyrins types 
I and III. The different kinds of porphyrins (protoporphyrins, copro- 
porphyrins, uroporphyrins, etc.) are identified on the basis of their 
absorption spectrums, solubilities in organic solvents and other prop- 
erties. To distinguish between the various isomers (type I and type III 
compounds) requires their isolation in crystalline form, mostly as the 
methyl ester, and determination of the melting point. It is unnecessary 
to mention all the porphyrins in this paper ; so it suffices to state that the 


2. de Langen, C. D., and ten Berg; J. A. G.: Porphyrin in the Urine as 
First Symptom of Lead Poisoning, Acta med. Scandinay. 130:37, 1948. 

3. Dobriner, K., and Rhoads, C. P.: The Porphyrins in Health and Disease, 
Physiol. Rev. 20:416, 1940. 
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porphyrin excreted in the urine in cases of lead absorption is copropor- 
phyrin type III. Dobriner and Rhoads gave an excellent résumé of the 
chemistry of the porphyrins.’ 

Cantarow and Trumper * interpreted the increase of urinary porphy- 
rin as due to a disturbance of hemoglobin breakdown and synthesis. 
Lead presumably interferes with the introduction of iron into the hemo- 
globin molecule, with the result that more coproporphyrin is excreted 
in the urine. 

De Langen and ten Berg, working with 87 persons who volunteered 
to ingest controlled quantities of lead, noted that the porphyrin of the 
urine was increased before basophilic granulation was detected. They 
suggested the easily performed semiquantitative test described in a sub- 
sequent paragraph. 

The increase of urinary porphyrin due to absorption of substances 
other than lead is small as compared with that due to absorption of 
lead. For instance, examinations by Leroux ° showed that normal urine 
contains 10 to 30 micrograms of porphyrin per liter. In lead poisoning, 
he found that porphyrin increased to 3,650 micrograms per liter; in 
aniline poisoning, to 295 micrograms; in benzene poisoning, to 255 
micrograms. In pellagra, values were found between 28 and 1,900 
micrograms. 

Similarly, we found that in a series of advanced cases of liver disease 
the urines when examined with a modified semiquantitative test, described 
in a subsequent paragraph, gave reactions that ‘were positive but of less 
intensity than those observed in cases of industrial lead absorption. 
Also, the fluorescent color seemed to be somewhat different, probably 
owing to other interfering pigments. 

lf the test of de Langen and ten Berg) holds true, their method 
would be ideal for screening where large numbers of workers are exposed 
to lead. As the concentration of porphyrin is not strictly parallel to the 
amount of lead excreted in urine, an exact quantitative method for the 
determination of porphyrin is not essential. We tried the method sug- 
gested by de Langen and ten Berg and found it simple and rapid, only 
a few minutes being required to detect the urinary porphyrin content 
semiquantitatively. Aware of the possible value of such a test, we 
attempted to determine in our series of urine samples from 116 workers 
exposed to lead whether it gives false negative results and whether a 
positive porphyrin reaction is obtained in every case in which there is an 
increase in urinary lead. We used the following modified test : 


To 10 ce. of urine in a test tube, 2 drops each of glacial acetic acid and 3 per cent 
hydrogen peroxide, and 1.5 cc. of ether are added; the stoppered test tube is shaken 


4. Cantarow, A., and Trumper, M.; Lead Poisoning, Baltimore, Williams & 
Wilkins Company, 1944, p. 154. 

5. Leroux, H.: Determination of Porphyrins in Urine, Bull. Acad. de méd., 
Paris 124:480, 1941. 
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on its long axis, and the fluorescence in the ether layer is noted by use of ultraviolet 
radiation from a Wood lamp. 


The color is arbitrarily divided into these classifications: 

0. Light blue to light green—normal porphyrin concentration 
. Slightly observable red fluorescence—slight increase in porphyrin 
. Distinct red fluorescence—moderate increase. 


. Strong red fluorescence—marked increase. 


. Deep red fluorescence—very marked increase 


ARBITRARY PORPHYRIN SCALE 
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APPROXIMATE PORPHYRIN EQUIVALENT 
PER UTER OF URINE 


IN MICROGRAMS 


Results of quantitative tests for lead in urine compared with those of semiquanti- : 
tative tests for porphyrin. 


De Langen and ten Berg stated that their semiquantitative test might 
give false results, especially in weak urinary concentrations. Of course, 
false negative results would make this test unfit for screening purposes. 
Meek, Mooney and Harrold * have tried to overcome this difficulty, and 
to eliminate and change interfering substances that weaken the porphyrin 
test. They found that 3 per cent hydrogen peroxide added before the 


6. Meek, S. F.; Mooney, T., and Harrold, G. C.: 
Poisoning, Indust. Med. 17:469, 1948. 
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ether increases the intensity in all instances and eliminates doubtful reac- 
tions. We think that the doubtful results are probably due to the excre- 
tion of porphyrinogen, an intermediate product of heme and porphyrin, 
which does not fluoresce in ultraviolet light. Porphyrinogen is converted 
to porphyrin on exposure to light and more rapidly by the addition of 
oxidizing agents such as hydrogen peroxide." 

An excretion of lead greater than 0.15 mg. per liter of urine was 
accepted as indicating possible exposure, according to the report of the 
Committee on Lead Poisoning of the American Public Health Association 
in 1943.* Our task was to determine whether urine samples showing lead 
concentrations exceeding 0.15 mg. per liter gave positive reactions in 
porphyrin tests. The results of these tests are shown in the chart. 

It is noted that: (1) positive porphyrin reactions were obtained with 
all urines (62) containing 0.15 mg. per liter or more; (2) positive por- 
phyrin reactions were obtained with 34 urines containing less than 0.15 
mg. per liter, and (3) negative reactions were obtained with 20 speci- 
mens containing less than 0.15 mg. per liter. 

The lead findings have not been adjusted according to the specific 
gravity of the urines, but the specimens were exclusively early morning 
urines, voided before the men reported to their work station. From 
these results, we may conclude that the semiquantitative porphyrin test 
furnishes a simple screening method for the epidemiologic investigation 
of health hazards in working environments where potential lead exposure 
exists. Since the test does not require extensive equipment, it lends 
itself to easy application at the plant. When the results are positive, 
urine specimens can be sent to the laboratory for quantitative determina- 
tions of lead. 


Although it is of no importance respecting this test to know the 
amounts of porphyrin that are represented by the arbitrary 1 to 4 scale, 
we tried to determine these amounts approximately by using a standard 
solution of coproporphyrin type IIIT in ether. These amounts can be 
seen on the chart, too. That there is a general upward trend of por- 
phyrin with increasing lead content can be noted on the chart, but the 
amount of porphyrin does not run exactly parallel with the amount of 
lead. This is probably due to the fact already mentioned that changes 
of the urinary concentration occur more promptly than changes of the 


blood concentration of lead. A chart comparing the blood concentra- 
tion of lead and the urinary concentration of porphyrin would probably 
show a closer: parallel than seen on this chart. The solution of such a 
research problem would be highly desirable for a more accurate evalua- 
tion of the porphyrin test. 


7. Bodansky, M., and Bodansky, O.: 
The Macmillan Company, 1940, p. 563. 

8. Occupational Lead Exposure and Lead Poisoning, Committee on Lead 
Poisoning, New York, American Public Health Association, 1943, p. 49. 
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Certain precautions and rules must be observed in taking samples 
of urine for lead analysis. Lead-free bottles must be used for the void- 
ing of urines. The urines should be voided at home so that they will 
not be contaminated with lead from the place of work or from the 
work clothes. Each worker should be given explicit instructions relative 
to the proper method of collecting the specimen. If the workers or some of 
them disregard these obligations, some false high lead concentrations may 
be found. Positive tests for porphyrins are unmistakably positive since 
they cannot result from contamination. 

Preferably, the extraction of porphyrin should be done as early as 
possible after voiding. If this is not practical, the specimen should be 
stored in a cold, dark place, as it has been found that porphyrin readily 
decomposes in heat or light. This might contribute to a false result, 
particularly if the concentration of the porphyrin is low. 

In our study we were also interested in the lead and porphyrin con- 
tents of the urine of workers who gave no history of lead exposure. For 
this reason, we examined 89 specimens of urine from such workers, 
with the following results: The lead concentrations ranged from 0.015 
to 0.08 mg. per liter of urine. Porphyrin reactions were negative in all 
cases except 4 (4.5 per cent). In these 4 cases they were very weak, 
and in our opinion they were not due to absorption of lead, as they did 
not have the typical appearance of those given by the urine of workers 
exposed to lead. 


SUMMARY 


A study was conducted to examine the reliability of the semiquanti- 
tative porphyrin test of the urine of workers exposed to lead. 

No false negative results were encountered in specimens of urine 
of 116 workers exposed to lead. All specimens containing more than 
0.15 mg. of lead per liter of urine gave positive porphyrin reactions. 
Thirty-four positive porphyrin reactions given by urines containing less 
than 0.15 mg. of lead per liter of urine seemed to indicate that the 
increased excretion of porphyrin may actually be an early sign of lead 
absorption. 


Only a small percentage of false positive reactions were obtained ' 
in control specimens from nonexposed workers. 


CONCLUSION 


The semiquantitative porphyrin test of urine is reliable as a screen- 
ing test for lead absorption in places where large numbers of workers 
are exposed to lead. 


The control specimens were supplied by:.the Hartford Hospital, Hartford; the 
United States Veterans Hospital, Newington, Conn.; the Allen and Capewell 
Companies, Hartford, and the Pratt & Whitney Aircraft Division of the United 
Aircraft Corporation, East Hartford. 
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ROLE OF PORPHYRINS IN OCCUPATIONAL DISEASES 
|. Significance of Coproporphyrinuria in Lead Workers 


CLARENCE C. MALOOF, MD. 


Physician, Division of Occupational Hygiene, Massachusetts Department of 
Labor and industries 


BOSTON 


. HE PORPHYRINS are red pigments with a pyrrole structure and 

are of fundamental importance in living organisms. ‘They are com- 
ponents of hemoglobin, myoglobin, the other respiratory pigments, the 
cytochromes, the enzyme catalase and the chlorophyll in plants. These 
pigments, normally present in the body, are excreted from it in the urine 
and the feces in very small amounts. There are a number of these pig- 


ments, chemically closely related to each other, with several isomers, the 
chief of these being the coproporphyrins, uroporphyrin, protoporphyrin 
and deuteroporphyrin, Hematoporphyrin, formerly thought to exist in 
the body, has since been proved to be an artificial derivative. In patho- 


logic conditions in which hematoporphyrin was thought to be excreted, 
it wap later determined that the porphyrins excreted were really uro- 


porplyrin and coproporphyrin.' 


Hans Fischer, in his classic work on the porphyrins, has shown that 
both plant and animal organisms can form porphyrins of two isomeric 
series, that is, one corresponding to etioporphyrin I and the other to etio- 
porphyrin III, There are considered to be four etioporphyrins, and they 
have only methyl and ethyl groups in varying positions on the porphyrin 
ring. These etioporphyrins are artificial, and, of the four, only types I 
and II! are natural-occurring porphyrins. The production of these two 
types parallels hemopoietic activity. Type III is formed in large 
amounts and utilized in the synthesis of hemoglobin and other respiratory 
pigments ; that is, if an iron atom combines with protoporphyrin, which 
corresponds with etioporphyrin III, heme is formed. In turn, if heme 
combines with a globin compound, there is formation of hemoglobin. 


his paper is concerned with the coproporphyrins types I and ITI, 
which correspond to etioporphyrins I and III, respectively. Past investi- 
gators have shown that, without any pathologic condition, a small 


This paper was read in part at the annual meeting of the New England 
Section of the American Industrial Hygiene Association, in Boston, Oct. 28, 1949. 
1, Best, C. H., and Taylor, N. B.: The Physiological Basis of Medical Prac- 
tice: A University of Toronto Text in Applied Physiology, ed. 3, Baltimore, 
Williams & Wilkins Company, 1943, p. 67 
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amount of the coproporphyrins will be excreted daily. Watson and his 
co-workers * have found that normal persons excrete 14 to 99 micrograms 
of the coproporphyrins daily. Cantarow and Trumper * expressed the 
belief that the normal urinary excretion is 10 to 120 micrograms daily. 

The finding of coproporphyrinuria in certain pathologic conditions is 
by no means recent. In 1915 Hans Fischer * discovered for the first 
time that large amounts of coproporphyrin were excreted in the urine 
and the feces of a patient with congenital porphyria. Since Fischer's 
work, other investigators have verified the finding of coproporphyrinuria 
in a variety of conditions. Watson ® has observed it in lead poisoning, 
cirrhosis of the liver, familial hemolytic jaundice, pernicious anemia, 
and pulmonary infections with suppuration and high fever. Rimington 
and Goldblatt * have seen coproporphyrinuria in aniline poisoning of 
workers. Seglini’ has verified this finding by reproducing it in experi- 
mental animals poisoned with aniline. Coproporphyrinuria has also 
been observed in chronic alcoholism, pellagra, poliomyelitis, and poison- 
ing from arsenic or certain drugs, such as acetophenetidin, acetanilid, 
acetylsalicylic acid, the sulfonamide compounds, ether, paraldehyde and 
morphine.* Inconstant increases in urinary coproporphyrins have also 
been observed in leukemia, aplastic anemia and hemolytic anemia. 

An interpretation of the mode of formation leading to this increased 
excretion of coproporphyrin in the aforenamed pathologic conditions is 
difficult. Many postulations have been made. Watson * expressed the 
belief that in the hepatic diseases this increase may be the result of 
2. Watson, C. J., and Larson, E. A.: The Urinary Coproporphyrins in Health 
and Disease, Physiol. Rev. 27:478, 1947 

3. Cantarow, A., and Trumper, M.: Clinical Biochemistry, ed. 3, Philadel- 
phia, W. B. Saunders Company, 1945, p. 432 

4. The Significance of Urinary Coproporphyrins, editorial, J. A. M. A. 
136:627 (Feb. 28) 1948. 

5. Watson, C. J.: (a) Concerning the Naturally Occurring Porphyrins: I. 
The Isolation of Coproporphyrin I from the Urine in a Case of Cincophen Cir- 
rhosis, J. Clin. Investigation 14:106, 1935; (b) II. The Isolation of a Hitherto 
Undescribed Porphyrin Occurring with an Increased Amount of Coproporphyrin I 
in the Feces of a Case of Familial Hemolytic Jaundice, ibid. 14:110, 1935; (c) 
IIl. The Isolation of Coproporphyrin I from the Feces of Untreated Cases of 
Pernicious Anemia, ibid. 14:116, 1935; (d) IV. The Urinary Porphyrin in Lead 
Poisoning as Contrasted with That Excreted Normally and in Other Diseases, 
ibid. 15:327, 1936. 

6. Rimington, C., and Goldblatt, M. W.: Urinary Excretion of Porphyrins 
in Chemical Workers, Lancet 1:73, 1940 

7. Seglini, C.: Hemoglobin Changes and the Behavior of Porphyrins in Urine 
and Feces in Experimental Aniline Poisoning, Med. d. lavoro 20:289, 1938: 
abstracted, J. Indust. Hyg. & Toxicol. 21:98, 1939 

8. Vannotti, A.: Porphyrine and Industrial Pathology, Arch. f. Gewerbepath. 
u. Gewerbehyg. 8:240, 1937; abstracted, J. Indust. Hyg. & Toxicol. 20:83, 1938. 
Footnote 4 
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damage of the excretory power of the liver. Garrod® and others 
thought it might be due to hemoglobin breakdown, with the released 
protoporphyrin being converted into coproporphyrin in the liver and 
then excreted as such. Another concept is that it is due to an error 
of metabolism leading to increased synthesis in the bone marrow, with 
overproduction and excretion.'’® Rimington* postulated that in lead 
poisoning and possibly in other toxic conditions the normal process 
by which protoporphyrin combines with iron to form hemoglobin 
may be blocked by lead, with the nonutilized protoporphyrin being con- 
verted into coproporphyrin and excreted. 


The purpose of this paper is not to try to explain why or how this 
increase of coproporphyrinuria occurs but rather to present the observa- 
tions made on lead workers in industry and the role the increase of copro- 
porphyrinuria might play as an aid in the prevention and diagnosis of 
lead poisoning. 


As was previously stated, many reports have been made in the past 
of the finding of coproporphyrinuria in lead poisoning. However, the 
question as to what significant role the coproporphyrins play in the early 
diagnosis of lead poisoning was relatively dormant until 1948, when de 
Langen and ten Berg '' reported that coproporphyrinuria was a reliable 
: early indication of lead poisoning and that this sign appeared earlier 


i; than the stippling of red blood cells. 
: In their.article they presented a relatively simple semiquantitative 
i test for coproporphyrinuria. Using this test, they examined a control 


group that had no contact with lead, a group that was fed small 
amounts of lead daily and a group that lived in a district where the 
water supply revealed a high concentration of lead. From the results 
obtained, it was their belief that since coproporphyrinuria precedes stip- 
pling of red blood cells as a sign of lead poisoning their procedure, being 
an important diagnostic aid, should be carried out routinely on large 
groups of persons who are regularly exposed to lead. 

Shortly after the appearance of this article, Meek, Mooney and Har- 
‘ rold‘* reported examining 66 specimens of the urine of workers 
exposed to lead fumes for both lead and coproporphyrin content. In 
testing for coproporphyrin they used a slight modification of the de 
Langen-ten Berg method and found that 31 of the 66 samples gave 
some degree of fluorescence and could be called positive. They 


9. Garrod, A, E.: The Urinary Pigments in Their Pathological Aspects, 
Lancet 2:1323, 1900. 

10. Best and Taylor.’ Footnote 4. 

11. de Langen, C. D., and ten Berg, J. A. G.: Porphyrin in the Urine as a First 
Symptom of Lead Poisoning, Act. med. Scandinay. 130:37, 1948. 

12. Meek, S. F.; Mooney, T., and Harrold, G. C.: Urinary Porphyrins in Lead 
Poisoning, Indust. Med. 17:469, 1948. 
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expressed the belief that although their results did not show any great 
correlation between the fluorescence phenomenon and the urinary lead 
content in the case of positive findings, this test was a potential labora- 
tory tool in representing the various forms of lead intoxication. 


As a result of the de Langen-ten Berg report, my associates and I 
became interested in this subject because of the ever present lead hazard 
in some of the industries in this state. The purpose of the present study 
was to verify the findings of past investigators that increased copropor- 
phyrinuria is seen in workers excreting abnormal amounts of lead and 
that this sign could be used as an aid in the prevention or the diagnosis 
of early lead poisoning. 


PROCEDURE 
The procedure used was to examine for coproporphyrin the urine brought to 
the Division of Occupational Hygiene of the Massachusetts Department of Labor 
and Industries for lead analysis. In most cases we had in our files records of past 
analyses for urinary and atmospheric lead and in some cases we had records of 
stippled cell counts performed by the companies’ medical departments. We there- 
fore had at our disposal for each urine studied the coproporphyrin value, the lead 
value, in most cases the lead concentration of the air of the vicinity where the man 
worked and in some cases a stippled red blood cell count. 

In determining the coproporphyrinuria semiquantitatively we modified the 
method of de Langen and ten Berg slightly. The modified method consisted in 
taking 5 cc. of urine in a test tube, acidifying it with 6 drops of 6-normal acetic 
acid, and adding 5 cc. of ether. The mixture was then shaken and viewed in a dark 
room, with a black light lamp. As in he original method, the ether layer absorbed 
the coproporphyrin and fluoresced with various shades of red, depending on the 
concentration of coproporphyrin present. We believed that the 5 cc. ether layer was 
easier to view and simplified the task of distinguishing different shades of red. 

Early in this study it was seen that the human error in determining semi- 
quantitatively the amount of coproporphyrinuria excreted in the urine might be 
significantly high, especially in those cases in which one might want to follow a 
group of workers over a period of time. To compensate for this, a relatively simple 
and rapid method was improvised to determine coproporphyrinuria quantitatively. 
This method consisted in acidifying 1 cc. of urine with 6 drops of 6-normal acetic 
acid and adding 5 cc. of ether to extract the coproporphyrin. The degree of 
fluorescence of the ether layer was then read with a Coleman photofluorometer by 
using filter types B-1, B-2, B-1-S, PC-5 and PC-10 in various combinations. 
Curves were then plotted, the readings obtained from standard solutions of copro- 
porphyrin in varying concentrations being used for reference (for which I am 
indebted to Dr. Cecil J. Watson). By means of these curves, the readings of the 
urines being analyzed could then be converted into micrograms of coproporphyrin. 

It is true that by this simplified method one cannot be sure that the entire reading 
is due to the coproporphyrin. A small amount of extraneous pigment might be 
carried over into the ether layer, and thus cause a slight variation in the values 
obtained. However, it should be kept in mind that to obtain the specific and definite 
amounts of coproporphyrin present, one would have to use not only a tremendous 
amount of urine but also the long and tedious crystallization method as modified 
and employed by Watson.%* The hope was that a simple method could be devised, 
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the economy of which would lead to its being used frequently and routinely. It is 
believed that when the readings and values are high, the percentage of extraneous 
pigment present, if present at all, would be small and of little significance in the 
case. 


RESULTS 
Over 250 urines submitted for lead analysis were also examined 
for coproporphyrin content. It was found that in almost every case 
in which the urinary lead value was elevated, the urinary coproporphyrin 
value was also increased. The coproporphyrin values were plotted 
against the urinary lead values (both expressed in milligrams per liter), 
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Chart 1.—Mean urinary coproporphyrin values plotted against urinary lead 
values. Each circle represents the mean coproporphyrin value for each lead value. 


Each cross represents the coproporphyrin value for the lead value in an instance 
in which only 1 urine sample was available. 


and although a definite correlation was not present, there was a statisti- 
cal correlation. 

In chart 1, for simplification, the mean coproporphyrin values are 
plotted against the urinary lead values. It should be mentioned that in 
plotting the over-all urinary lead values against the coproporphyrin 
values, a good correlation was not expected. There was no reason to 
expect one. Urinary lead values indicate the degree of lead absorption. 
Abnormal urinary coproporphyrin values indicate physical damage or 
dysfunction. One should expect some correlation between these two, 
but one should not expect a definite correlation throughout. 
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In those cases in which the values of an individual worker were fol- 
lowed over a length of time, there was good correlation between these 
two values. 

In regard to stippling of red blood cells, this study verified to some 
extent those findings of de Langen and ten Berg '' in which they saw 
coproporphyrinuria occurring much earlier than stippling of red blood 
cells as a sign of lead poisoning. The present study, also, revealed that 
high values of coproporphyrin were present before the stippling reached 
abnormal levels. 

The last two points were brought out well in several cases of lead 
poisoning that were followed during this study. Two of the patients 
whose cases are to be presented were employed in the same battery 
plant where, under the program of medical control, the stippling of 
red blood cells was primarily relied on to indicate early lead poisoning. 
As will be shown, their stippled cell counts were considered normal 
until acute lead colic developed. However, as will also be shown, their 
coproporphyrin values were greatly above normal long before any 
symptoms appeared. 

Four cases of lead poisoning are presented to illustrate the correla- 
tion between coproporphyrin values and lead values, also to illustrate the 
finding that the sign of abnormal coproporphyrinuria presents itself 
before the sign of increased stippled red blood cells. 

Case 1.—S. O., 28 years old, was employed in an automobile manufacturing 
plant as a grinder of the lead seams on automobiles. When seen he had been on 
this operation only four months, and during this time he had not used any protective 
device to prevent inhalation of the lead dust created by the grinding. 

The signs and symptoms present at the first interview were loss of weight 
(23 pounds [10.5 Kg.]), loss of appetite, headaches, dizzy spells, weakness, alter- 
nating constipation and diarrhea, abdominal cramplike pain, jaundice of the skin 
and scleras, and coarse tremors of the hands and the tongue. A lead line was 
present on the gums. A blood count which his physician made before referring 
him to our division revealed 40 per cent hemoglobin, 2,800,000 red blood cells and 
no stippled cells. 

Chart 2 shows that under hospitalization and treatment there was a relatively 
good correlation between the urinary coproporphyrin and the urinary lead values. 
Of equal interest is the role of stippled red blood cells. On the first hospital day 
there were no stippled red blood cells in the peripheral blood (7). On the fourth 
day, stippled red blood cells were found in the bone marrow smear but not in the 
peripheral blood (2). On the sixth day, stippled red blood cells appeared for the 
first time in the peripheral blood (3). From then on there was a gradual increase 
in the stippled cell count (3°), while both the urinary lead and the urinary copro- 
porphyrin values showed a downward trend. 

Case 2.-—C. S., a 45 year old man, had been exposed to lead both in his occupa- 
tion, that of a pyrometer man in a steel mill, and on his farm, where the drinking 
water was found to contain 0.36 part of lead per million parts of water. The 
Massachusetts Department of Public Health had tested the drinking water one 
and one-half years earlier and found it to contain 0.70 part of lead per million 
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parts of water. A year before, he was hospitalized for chronic lead poisoning but 
obtained only temporary relief. Before the present hospitalization he complained of 
general neuritic pain, headaches, abdominal colic-like pain, constipation and weak- 
ness. On examination a questionable lead line was present. 

Chart 3 shows that while this man was hospitalized and under treatment, there 
was relatively good correlation between the urinary coproporphyrin and lead 
values. However, one sample (sixth) showed a reverse correlation between these 
two values. This same situation occurred in a few of the other cases followed and 
at the present time is difficult to explain. Possible explanations might be: (1) 
There may be an error in the method; (2) the speed of elevation and depression 
may vary in these two values, and (3) the lead values may not represent the true 
degree of toxicity present. As was expected in this case of long-standing chronic 
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Chart 2 (case 1).—The solid line represents urinary coproporphyrin; the broken 
line, urinary lead. The circled numbers are explained in the text. 
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lead poisoning, the stippled red blood cell count was elevated above normal before 
and during the hospital stay. 

Case 3.—C. A., a 22 year old plate inspector in a battery plant, had been 
employed in this type of occupation for only four months when his present illness 
began. The signs and symptoms when he was first seen consisted of headache, 
abdominal pain, weakness, constipation, nausea and vomiting. His skin appeared 
jaundiced, and his scleras were icteric. A lead line was not apparent. 

Chart 4 reveals that before and during hospitalization and treatment for acute 
lead poisoning there was again fairly good correlation between the urinary copro- 
porphyrin and lead values. Of additional interest in this case is the stippled red 
blood cell count. Well before the development of his symptoms the smear for 
stippled cells was negative (1), even though his urinary lead value was above 
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Chart 3 (case 2).—The solid line represents urinary coproporphyrin; the broken 
line, urinary lead. 
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Chart 4 (case 3).—The solid line represents urinary coproporphyrin; the broken 
line, urinary lead. The circles are explained in the text. 
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that indicating hazardous exposure and his coproporphyrin value was also greatly 
elevated. Another smear was not taken until he was hospitalized (2) for acute 
lead poisoning, and at this time there was an increase in the stippled red blood cell 
count. The urinary coproporphyrin and lead values had also risen from their 
previous level at the time of hospitalization. At the time of writing this man is 
still being followed. 

Case 4.—J. S., a 23 year old man, was employed as a caster and paster in the 
same battery plant as C. A. For the past two years he had had minor attacks 
of abdominal pain. One week before hospitalization he began to have abdominal 
cramplike pain, which increased in severity until hospitalization. Additional signs 
and symptoms at this time were headache, nausea, vomiting, weakness and loss of 
appetite. A lead line was believed not to be present. 
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Chart 5 (case 4).—The solid line represents urinary coproporphyrin; the broken 
line, urinary lead. 


This man’s chart shows some correlation between the urinary coproporphyrin 
and lead values, although at several points there appears to be a reverse corre- 
lation. A possible explanation of this may be\one of those cited in the case of 
C. S.; that is, the rate of elevation or of depression of the two curves may vary 
under certain circumstances. Closer inspection of the chart confirms this pos- 
sibility. It appears that on the third, eleventh and fifteenth days the copro- 
porphyrin curve has reached its minimal depression point before the lead curve 
by one, two and three days, respectively. On this chart, then, it seems that 
the coproporphyrin curve begins its fluctuations before the lead curve and is 
shifted to the left. If this explanation is plausible, one can say that this chart 
shows relatively good correlation, although at first glance the reverse appears to 
be so. Also of interest in this case is the appearance of stippling. Four days before 
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hospitalization the smear was normal for stippled red blood cells (7). On admis- 
sion (2) the smear showed an abnormal stippled cell count. This man is still being 
followed at the time of writing. 


In cases 1 and 2 the patients were under the care of the occupational 
medical service of the Massachusetts General Hospital; in cases 3 and 
4 the patients were under the care of the medical service of the United 
States Veterans Hospital, West Roxbury, Mass. All patients were 
given the citrate treatment for lead poisoning as described by Kety 
and Letonoff.’* 

COM MENT 

Although this investigation is still in the preliminary stages, it is 
believed from the study of several hundred urines, along with the cases 
of lead poisoning, that the finding of coproporphyrinuria can be an 
important aid in the prevention or the early diagnosis of lead poisoning. 
In chart 1, where the mean coproporphyrin values of all these urines 
were plotted against the lead values, we find that there is some cor- 
relation present. When one considers that these urines were from 
many different workers, who were of various age groups and various 
physical conditions, and that urinary lead values are considered an 
indication of lead absorption and not of physical damage, even a statisti- 
cal correlation should be of significance. 

In the cases of lead poisoning presented, the correlation between 
these two values is good. Of equal importance is the fact that in 
almost every case the coproporphyrin value was greatly increased well 
before the stippled cell count became abnormal. ‘This leads one to 
postulate that these cases were unnecessary and could have been pre- 
vented by rotating these men when the abnormal urinary lead values 
were found to be accompanied by greatly increased coproporphyrin 
values. Certainly, to rely on stippled cell counts alone does not appear to 
be satisfactory in preventing acute lead colic. 

This brings up an important point which is to be kept in mind 
when one is trying to interpret the coproporphyrin values in determining 
who is and who is not a good candidate for lead poisoning. Physicians 
have all observed or heard of cases of lead poisoning in which the 
urinary lead value was 0.20 mg. per liter or less. They have also 
observed many cases in which the urinary lead value was 0.35 mg. 
per liter, and yet clinically no signs or symptoms were present. It 
is believed at the present time that if coproporphyrin studies are made 
on 2 men who have these two hypothetic values of 0.20 and 0.35, and 


if the first man is excreting much higher amounts of coproporphyrin 


13. Kety, S. S., and Letonoff, T. V.: Treatment of Lead Poisoning with 
Sodium Citrate, Proc. Soc. Exper. Biol. & Med. 46:476, 1941. 
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than the second, then the first man, even though his lead value is 
almost one-half that of the second, is a better candidate for acute lead 
colic. Of course, before this decision is made, it is of prime importance 
that the other possible causes of coproporphyrinuria have been eliminated. 

This now brings up the additional point of who would best be in a 
position to run and interpret the coproporphyrin tests. It is believed 
to be quite obvious that since this test is not specific for, but is only an aid 
in, the prevention of lead poisoning and since many other conditions may 
produce coproporphyrin, the person who has an opportunity to see 
and examine the workers regularly would be best suited to use this 
aid and interpret the results. Ideally the company physician, whether 
full time or part time, should supervise this. 

From this preliminary study it has become increasingly clear that 
although much is already known concerning the porphyrins, there is 
still more to be learned. It appears that the porphyrins can play an 
important role in the prevention of or early diagnosis of lead poisoning. 
Kluver ‘* has reported that porphyrins have been found present in the 
brain and other nervous tissue. One is led to postulate what role the 
porphyrins might play in the headache, abdominal colic and neuritic 
pain found in lead poisoning. 


CONCLUSIONS 
1. Coproporphyrinuria is consistently seen| in workers absorbing 
hazardous amounts of lead. 


2. Coproporphyrinuria is seen in many other illnesses and is not 


specific for lead absorption or intoxication. 

3.'Since coproporphyrinuria is not specific for lead poisoning, a 
test for it will never supplant urinary lead analyses but should be 
used in conjunction with them in preventing ‘lead poisoning and in 
determining who best should be rotated and watched. 

4. In the majority of observed instances of lead poisoning copropor- 
phyrinuria apparently occurred earlier than stippling of red blood cells. 
However, even if this should be found definitely so, it does not mean that 
stippled red blood cell counts should be eliminated. It means only that 
too much emphasis should not be laid on the absence of stippled cells 
and that an increase of stippling should be used likewise only as an 
aid in prevention and diagnosis. From the results of this study it is 
believed that the coproporphyrin value should carry more weight than 
the stippled red blood cell count. 


5. This simple, rapid, economical test could be used to greater 
advantage in the hands of the person or persons who are able to see 


14. Kluver, H.: On Naturally Occurring Porphyrins in the Central Nervous 
System, Science 99:482, 1944. 
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and examine the workers in question regularly. Because of its simplicity, 
it could easily be performed routinely during the time that elapses 
between the urinary lead analyses. 


This study would have been greatly delayed but for the generosity of Dr. C. J. 
Watson, of the University of Minnesota Medical School. Mr. B. P. W. Ruotolo 
performed the lead urinalyses. Mr. J. B. Skinner, Dr. H. B. Elkins and the other 
members of the staff of the Massachusetts Division of Occupational Hygiene gave 
assistance and cooperation during this study. 
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MEDICAL CONTROL ON EXPOSURE OF INDUSTRIAL 
WORKERS TO TRICHLOROETHYLENE 


R. FRANT, M.D. 
AND 


J. WESTENDORP 
EINDHOVEN, NETHERLANDS 


RICHLOROETHYLENE is used extensively in industry, In 

our plants it is “consumed” in quantities of 30 tons (about 
20,300 Kg.) per month. Therefore we of the medical department of 
Philips’ Factories have a great interest in the fate of this volatile agent 
after it enters the human body and in the effect it has thereon. For 
these reasons we tried to estimate the amounts absorbed in the human 
body and to gain an opinion about the ways by which the body over- 
comes the noxious influence of this narcotic compound, Britining and 
Schnetka* found that the trichloroethylene and its products which are 
excreted in the urine can be demonstrated by the reaction of Fuyiwara.* 
This reaction is positive with all compounds qf aliphatic origin con- 
taining three chlorine atoms, although the color may differ slightly. 
Progress was made when Barrett and Johnston * demonstrated trichloro- 
acetic acid as a metabolite of trichloroethylene in the urine of dogs and 
also in human urine. 


Forssman* and Forssman and Ahlmark® tried then to find the 
relation between the complaints that arose in workers exposed to 


the narcotic trichloroethylene vapor and the amount of the acid com- 
pound excreted in the urine. They gave figures which should prove 
that there is a relation between the renal excretion of trichloroacetic 


From the Medical Department and Analytical Laboratory of Philips’ Factories. 

1. Briining, A., and Schnetka, M.: Ueber den Nachweis von Trichlorathylen 
und andern halogenhaltigen organischen Lésungsmitteln, Arch. f. Gewerbepath 
u. Gewerbehyg. 4:740, 1933. 

2. Fuyiwara, K.: Ueber eine sehr empfindliche Reaktion zum Chloroform- 
nachweis, Sitzungsb. u. Abhandl. Naturf. Ges. Rostock 6:33, 1914, 

3. Barrett, H. M., and Johnston, J. H.: The Fate of Trichlorethylene in 
the Organism, J. Biol. Chem. 127:765, 1939. 

4. Forssman, S.: Contribution to the Diagnosis of Trichlorethylene Poison- 
ing: Preliminary Report, Svenska lak. tidning., 1945, no. 29, p. 1. 

5. Forssman, S., and Ahimark, A.: Diagnosis of Trichloroethylene Intoxi- 
cation, Nord. med. 30:1033, 1946 
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acid and the severity of the complaints. In their reports, however, they 
did not mention which method they had used. 


Probably the method used was in development then, for in their 
first publication they called 6 mg. per liter of urine the limit of safe 
concentration whereas later on they declared 75 mg. per liter to be in 
most cases an indication of trichloroethylene poisoning. No doubt, some 
more investigations are necessary on this point. 


A contribution has been made to the solution of this problem from 
an unexpected quarter. Trichloroethylene has been recommended as 
an anesthetic, especially by Hewer.* This author laid emphasis on the 
high analgesic and narcotic effect in relation to its low toxicity. He 
advocated that it be used in minor surgical procedures and in midwifery. 


Its volatility, which is relatively low for an anesthetic, prevents a high 


increase in concentration and makes it impossible to attain deep narcosis 
and complete relaxation of the muscles. The final maximum satura- 
tion attainable at 20 C. is 60,000 to 70,000 parts per million (p.p.m.) 
(Macintosh and Mushin *). 


This is twice the concentration which is necessary in the experiment to 
kill an animal by narcosis (37,000 p.p.m.) (Henderson and Haggard *), 
and this may be assumed to be the lethal dose for men as well. Although 
the degree of volatility may be insufficient for deep narcosis, it is high 
enough to give dangerous, i. c. narcotic concentrations in factories. The 
use of this liquid agent often demands the spreading of it over large 
surfaces, and then evaporation occurs quickly. Besides the narcotic 
effect, another danger is inherent in this compound: It is decomposed by 
heat into phosgene, hydrochloric acid and chlorine. We saw results 
of the carelessness of a welder who, against the orders of his superiors, 
did his job inside a tank still beset by the remnants of trichloroethylene. 
After some minutes the man was in a delirious state which 


lasted 
some hours in spite of an injection of morphine. There was consider- 
able tachypnea, as often occurs in a forced narcosis (the second plane of 
the third stage of a trichloroethylene narcosis, according to Hellijas and 
Tovell*). The delirium may be explained by the irritating effect of 
the fumes arising from the decomposition of trichloroethylene. As is ‘ 


6. Hewer, C. L.: Trichlorethylene as Inhalation Anaesthetic, Brit. M. J. 
1:924, 1941. 

7. Macintosh, R. R., and Mushin, W. W.: Physics for the Anaesthetist, 
Springfield, Ill, Charles C Thomas, Publisher, 1947; cited by 
Tovell.® 

8. Henderson and Haggard, cited by Jacobs, M. B.: The Analytical Chemistry 
of Industrial Poisons, Hazards and Solvents, New York, Interscience Publishers, 
Inc., 1948, vol. 1. 


9. Hellijas, C. S., and Tovell, R. M.: The Newer Inhalational Anzsthetics, 
Practitioner 161:361, 1948. 
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known, irritation often produces a delirious stage while narcosis is being 
induced. For a good understanding of what happened here, it would 
have been necessary to examine the concentrations of trichloroethylene 
in blood and of trichloroacetic acid in blood and urine. We know now 
that methods for these determinations had been mentioned by Powell,'® 
but, as a consequence of World War II, the volume in which this publi- 
cation had appeared was not available then in Holland. Yet we felt 
an urgent need to have at our disposal a method of determining trichloro- 
acetic acid in blood and urine. As is known, persons who work with 
trichloroethylene excrete trichloroacetic acid in their urine even after 
a slight exposure, and we hoped to improve our judgment of the com- 
{ plaints of such workers by obtaining quantitative data. As already 
mentioned, Forssman and Ahlmark ° had upheld the opinion that nearly 
all men with a concentration of trichloroacetic acid of 75 mg. per liter 
and higher had complaints. We therefore started to develop a method 
for a quantitative determination, 


METHODS 


Our first method was the reaction of Fuyiwara ? as adapted by us to quantitative 
determinations. To 20 cc. of urine is added 10 cc. of 12.5 normal sodium hydroxide 
(50 Gm. of dry sodium hydroxide is placed in a 100 cc. flask, and the flask is 
then filled to the mark with distilled water). Into another test tube 4 cc. of 
distilled pyridine is pipetted. On this pyridine the mixture of urine and sodium 
hydroxide solution must be poured. Mixing is not necessary. Then the test tube 
is connected to a so-called spider tube. 

This is a combination of glass tubes with a widening in which pieces of dry 
potassium hydroxide are put. The red color developed by heating the mixture 
of urine, sodium hydroxide and pyridine was shown to be sensitive to the influence 
of carbon dioxide. The mixture is therefore heated in a water bath at 80 C. for ten 
minutes. The temperature may fall after immersion of the test tube to 70 C. 
without making much difference in color. After thd test tube has been heated it 
must be cooled in running cold water. Without connection to the “spider,” air 
containing carbon dioxide would be sucked in, which would seriously interfere 
with the development of the color. The developing color is compared with a 


scale of colors taken from a set of color papers designed for pa determinations. 
The advantages of this method are: 1. No complicated instruments 
(colorimeters, etc.) are needed, and therefore the method is cheap. 2. Because of 
its high serisitiveness, concentrations as low as 1.5 mg. per liter are demonstrable. 
A serious drawback is the small range existing between the highest and the 
lowest concentration that can be determined, for colors caused by concentrations 
higher than 6 mg. per liter cannot be compared without making considerable 
mistakes. Therefore many samples of urine must be diluted, some more than 
1: 100, which is time consuming and increases inaccuracy as well. The dilu- 
tion must be done with urine of normal persons, because water gives a different 
shade to the supernatant pyridine layer. The determination of the standard papers 
has been done by adding pure trichloroacetic acid to normal urine. The errors of 


this method did not surpass 25 per cent, which may be acceptable in some cases. 


10. Powell, J. F.: Trichlorethylene : 
Brit. J. Indust. Med. 2:142, 1945. 
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Meanwhile, from literature we had learned of the method of Rogers and Kay ™* 
for determining carbon tetrachloride in air. This procedure for air analysis seemed 
suitable also for estimating trichloroethylene in air. Indeed, without making many 
changes, it was possible to do this part of our determinations with an error 
of less than 5 per cent. The determination of atmospheric trichloroethylene was 
simplified considerably by this method. Following the procedure of Rogers and 
Kay, we led the air containing trichloroethylene through acetone and determined 
the concentration of the material colorimetrically. The efficiency of acetone is 
rather high, and, in proportion to the velocity of the air current, 80 to 90 per cent 
is trapped in the acetone. This statement can be proved by using two absorp- 
tion bottles instead of one, linked in series. The proportion of the concentrations 
of trichloroethylene in the bubblers gives an indication of the rate of absorption. 
In these circumstances the absorption can be calculated by the formula 


Cl 
A=1- 
c2 
in which A = absorption (= part of the total which is retained). 


C1 = concentration in the first bottle. 
C2 = concentration in the second bottle. 


During the time we studied this method, the technic of Burgen'* for deter- 
mining the trichloroethylene content of blood also came to our knowledge. The 
principle of this method is remarkable because Burgen makes use of a diffusion 
cell with toluene in the center. Because the vapor pressure of trichloroethylene 
in toluene is one one-hundredth of that in blood, 95 to 99 per cent is trapped in 
toluene, and then, with due precautions, the determination is readily possible. 

So we had succeeded in obtaining methods to ascertain the intake and the 
excretion of the narcotic vapor quantitatively. The precision of the urinalysis, 
however, left much to be desired, and therefore we tried to gain greater accuracy 
in this part of the investigation. As we had much confidence in a determination 
by which it is possible to do quantitative colorimetric measurements in a mono- 
phasic system, we tried to imitate the method of Rogers and Kay. We tried 
to extract the color-producing material with acetone, but this was not possible 
because acetone dissolves in water, and then separation is impossible. When 
a sufficient quantity of strong alkali is added to the urine, acetone does not 
mix. After some minutes of rest the acetone shaken with the alkaline mixture 
returns to the surface of the heavy liquid and can be easily pipetted off. 

We ordinarily use 25 cc. of urine with 10 cc. of 12.5 normal sodium hydroxide 
(50 Gm. of dry sodium hydroxide in a 100 cc. flask filled to the mark with 
distilled water) and 10 cc. of pure acetone. After two minutes’ shaking by hand 
or in a mechanical shaker, 2 cc. of the acetone is pipetted to 4 cc. of a mixture 
containing 25 ce. of pure pyridine, 10 cc. of distilled water and 0.12 cc. of 
15 per cent sodium hydroxide solution. This mixture is heated on a water 
bath in a test tube closed with a plug of cotton wool in which a piece of dry 
potassium hydroxide is wrapped. The temperature of the water must be held 
at 70 C. and the heating continued for exactly seven minutes. At this time 
the color has developed. In some cases there may be a little turbidity in the 
colored liquid. 


11. Rogers, G. W., and Kay, K. K.: Colorimetric Determination of Carbon 
Tetrachloride Using a Modified Fuyiwara Reaction, J. Indust. Hyg. & Toxicol. 
29:229, 1947. 

12. Burgen, A. S. V.: A Simplified Method for the Estimation of Chloroform 
in Blood, Brit. M. J. 1:1238, 1948. 
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It is possible to restore this conveniently by adding 1 cc. of freshly heated 
water. The heating must be done to expel the carbon dioxide, which affects 
the colored material strongly. The use of a polished round test tube which 
can be directly used in a colorimeter is recommended. The reading of the 
extinction must be done after the closed test tube has been cooled for some 
minutes in running cold water. Maximum extinction of the light occurs at 
5400 angstroms when a spectrophotometer is used. The intensity of the extinction 
is directly proportional to the concentration of trichloroacetic acid in urine. 
(E (extinction) — E °) : 

The fraction ‘ ‘ differed for nearly all concentrations less 

Concentration 

than 5 per cent, E°® being the concentration of the blank. The range obtained 
with this method is rather wide and reaches from 10 to about 150 mg. per liter. 

The higher concentrations give such a strong extinction that a correct reading 
is impossible and precision diminishes. In the case of high concentrations the 
acetone of the trichloroacetic acid-containing urine may be diluted with the 
acetone of the blank. Diluting with pure acetone gives turbidity and inaccurate 
results. The rate of dilution may be 1:2 to 1: 10. 

The average concentration of the urines tested by us was 50 to 250 mg. per 
liter, with a maximum of 6,000 mg. per liter. Forssman'® repeatedly found 
800 mg. and in 1 case 1,200 mg. per liter. Transmission of the colored liquid 
changes considerably with different samples of pyridine. Therefore a blank has 
to be run together with a few standards, It is most convenient to collect some 
urine samples and to do several determinations at one time. 

The method of determining trichloroacetic acid in, urine proved to be useful 
in determining it also in blood. The protein is precipitated by 10 per cent sodium 
tungstate and normal sulfuric acid. One part of whole blood is mixed with 
1 part of 10 per cent sodium tungstate, 1 part of 0.1 normal sulfuric acid and 
7 parts of distilled water, and 25 cc. of the filtrate is taken for a further investi- 
gation as described for urine. As the final dilution of the blood is 1:10, 3 cc. of 
whole blood is sufficient for one determination. Care has to be taken to get a 
clear filtrate, a desideratum which is easier realizepl with whole blood than with 
serum. 


It may be a source of inaccuracy to estimate trichloroethylene together with 
trichloroacetic acid. Practically, inaccurate calculations can occur only when, 
in a case of acute trichloroethylene poisoning, high concentrations are found in 
the blood, However, during the handling, diluting, filtering and mixing of the 
filtrate with strong alkali and, if necessary, gentle heating (to about 50 C.) the 
volatile trichloroethylene will completely evaporate. 


MEDICAL CONSEQUENCES OF TRICHLOROETHYLENE EXPOSURE 


As soon as we had established the methodical procedure of the 
investigation, we tried to find the relation between the concentration of 
the trichloroethylene vapor surrounding the workman and the amount 


of trichloroacetic acid excreted in his urine. This relation may be a 


more objective standard than the number or the severity of the worker's 


complaints. Therefore, emphasis is laid by us on air analysis as a 
source of information about the occupational danger of a trichloro- 
ethylene worker. Samples of air and urine were collected and the 


13. Forssman, S., Tomteboda, Sweden: Personal communication to the authors. 
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figures found are compared in chart 1. At a glance it can be seen that 
the urinary concentration of trichloroacetic acid is nearly directly pro- 
portional to the atmospheric concentration of trichloroethylene. The 
horizontal line at 100 p.p.m. is the lowest figure estimated in literature 
as a probably safe concentration limit for trichloroethylene in air. 

Chart 1 shows that most of the urinary concentrations of trichlo- 
roacetic acid exceeded 75 mg. per liter and that their mean was 
+ 200 mg. per liter. The question was raised whether these concentra- 
tions had been caused by inhalation exclusively or by other intakes. 


SURES 


Chart 1.—Relation between the trichloroethylene content of the air and the 
trichloroacetic acid content of the urine of workers exposed to different atmospheric 
concentrations of trichloroethylene. The shaded columns represent the trichloro- 
acetic acid content of the urine expressed in milligrams per liter of urine; the 
blank columns, the trichloroethylene content of air expressed in parts per million. 
The black line transecting the columns indicates what is probably the safe limit 
of the concentration of trichloroethylene in air. 


McCord ** advocated the possibility of cutaneous absorption and attrib- 
uted to this absorption an influence such that mice can be killed by it. 
The importance of this statement lies in the practical question 
whether it is possible to reduce the human intake of trichloroethylene 
considerably by blocking the cutaneous channels of absorption. 


14. McCord, C. P.: Toxicity of Trichlorethylene, J. A. M. A. 99:409 (July 
30) 1932. 
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This question could best be solved by way of some experiments. 
We asked some workers to use gloves of synthetic rubber, because nor- 
mal rubber dissolves easier in trichloroethylene and then we followed the 
urinary excretion for some days (chart 2, part 4). As it was not pos- 
sible to collect all the urine excreted during day and night, only a 
sample was taken at the end of every working day. In the experiment 
which started on Monday 3 men were observed. One of these men (P) 
had been ill and took over the work from E, who after the third day 
had no further contact with trichloroethylene, though we continued to 
follow his urinary excretion of trichloroacetic acid. As can be seen in 
chart 2, part A, gloves were of no practical value in protecting the 
workers against absorption of trichloroethylene, the bulk being absorbed 
by the airway. Another experiment was tried by one of us: He dipped 
both his hands in commercial trichloroethylene for ten minutes while the 
inhalation of vapor was prevented by use of a mask. The amount of 


Chart 2.-Amounts of trichloroacetic acid excreted in urine of men working 
in an atmosphere containing trichloroethylene: A, curves of excretion found for 
subjects S, E and P, who were wearing gloves of synthetic rubber to prevent 
cutaneous absorption. B, curve for S$, who wore a mask to prevent pulmonary 
absorption. 


trichloroacetic acid which could be demonstrated in the urine was negli- 
gible (about 1.5 mg. per liter on the third day). In this way a quantity 
of trichloroethylene giving a maximum of 75 mg. of trichloroacetic acid 
a day in urine would have been absorbed. This also may support the 
opinion that the amount absorbed by way of an intact skin is of minor 
importance, 


One of the workers mentioned in the description of the first experi- 
ment was persuaded to wear a helmet connected to a rubber tube through 
which fresh air was blown ; in this way he was prevented from breathing 
an atmosphere containing trichloroethylene. This man S (see chart 2, 
part 4) had always shown high urinary concentrations of trichloro- 
acetic acid, which were decreased by this procedure, though the dif- 
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ference may not be spectacular. The rubber tube, by which fresh air 
was blown into the helmet, proved to be a great inconvenience for the 
type of work S had to do. Therefore we could not persuade him to 
continue the experiment. An explanation of the greater absorption that 
occurs by way of the lungs may be that the lung vesicles present a much 
larger surface as compared with the skin of the hands. 

The practical conclusion of these experiments is that the inhalation of 
vapors is the main way of entrance for trichloroethylene in cases of 
poisoning. Therefore the purification of the surrounding air must be 
the principal aim of the medical industrial officer. 

The next question which needed an answer was: What concentra- 
tion of trichloroacetic acid is proof of definite intoxication? It is evi- 
dent that the presence of several milligrams of this acid in urine is not 
a sign to cause alarm. Forssman and Ahlmark took the complaints 
as a warning and diagnosed intoxication when the level of trichloro- 
acetic acid reached 75 mg. per liter of urine. It is obvious that if we 
could rely on this statement we should have an opportunity to prevent 
misfortune exclusively by controlling the urines of the workmen. The 
figures of the authors just mentioned were the only ones available; 
therefore we thought it worth while to check them by repeating the 
observations, The medical department of Philips’ Factories makes 
follow-up investigations of the health of all workers who run occupa- 
tional risks, as a matter of routine. In these examinations the urine 
of those who work with trichloroethylene is checked regularly by quali- 
tative and quantitative determinations of the trichloroacetic acid content. 
When we compare the results of these objective findings and the number 
of complaints, a great discrepancy is seen. It struck our attention 
repeatedly that high figures were found for persons who had no or very 
minor complaints. On the contrary, there were people who had diffi- 
culties and in whose urine no trichloroacetic acid could be found. The 
explanation of this contradictory behavior may be that the elimination 
of the metabolities of trichloroethylene is slow and excretion goes on 
till seven to fourteen days after the intake. So when we find high fig- 
ures these may represent a cumulation from periods of high exposure 
some weeks earlier. On the other hand, the continuous contact may 
familiarize a workman with the symptoms of drowsiness, dizziness, etc., 


and this may cause him to neglect them. Sometimes the impression is 
gained of a wide individual variability of the excretion of trichloro- 
ethylene, but it has not been possible to demonstrate this. 


In the table the relation of the complaints of some of our trichloro- 
ethylene workers and the urinary concentrations of trichloroacetic acid 
is summarized. 
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As shown, the correlation between the complaints and the level of 
the trichloroacetic acid excretion was small in our personnel. In several 
other cases we found a good correspondence between the values of the 
atmospheric trichloroethylene and those of its urinary metabolite, while 
there was no agreement between these values and the complaints. We 
have the impression that people who seldom inhale this disagreeable 
odor are the ones who have serious complaints. In striking contrast 
is the experience gained during the war when some men drank a “‘cock- 
tail” containing trichloroethylene because of the shortage of alcoholic 
beverages ! 


A Comparison of the Complaints and the Trichloroacetic Acid Content of the 
Urine of the Individual Worker 


Trichlorosecetic Acid 
Contents of Urine, 
Worker Complaints Mg. per Liter 

v. Da.... None Reaction negative 
None Reaction negative 
Bch..... None 3 

None 

None 

None 

Slight 

None 

Slight 

Many 

None 

None 

Slight Reaction negative 

Slight 120 

Many 30 

Many Reaction negative 

None 180 


Many Reaction negative * 
Slight 


* This result was checked repeatedly. 


Therefore, it is our opinion that determinations of the atmospheric 
and urinary contents of these chlorocompounds are a better guide for 
judging the sanitary circumstances in a workroom than the complaints 
of the men working there. Also, we cannot support the idea that the 
execution of some quantitative determinations of the urinary excretion 
of trichloroacetic acid from time to time will be sufficient as a lead for 
a policy of health preservation. 

The consequence of these facts is that the task of the industrial 
health officer or the industrial nurse will be a more active one than that 
of a registrar of complaints. He must repeatedly inspect the working 
circumstances of the people who handle this narcotic liquid and check 
the ventilation by air analyses. But even then misfortunes will not 
always be prevented. The excellent qualities of trichloroethylene as 
a cleaner encouraged many people to use it in circumstances for which 
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it is not meant. Many take a “drop of tri” for the washing of hands 


or for cleaning a soiled floor. Often they neglect precautionary measures 
or escape the attention of their supervisors, with deplorable results. 
We have actually seen a few accidents; one of them has already been 


mentioned. A second case concerned a young woman who had been 
found in “narcosis,” which lasted for an hour. In a third case ** a man 
of 30 years drank by accident about 40 cc. of pure trichloroethylene. As 
he lived in another city he did not come under our observation until the 
tenth day after the accident. He had passed three days in coma and com- 
plained still of some weakness and of burning of the eyes. In all 3 cases 
no objective symptoms or signs except a positive reaction of Fuyiwara 
could be detected even after careful investigation. In the second case 
we followed the urinary excretion and in the urine taken on the day of 
the accident found 40 mg. per liter; in that taken two days afterward, 
320 mg. and in that of the fifth day 30 mg. per liter. (Compare 
Powell.!°) 

The man who drank trichloroethylene still had 20 mg. of trichloro- 
acetic acid in his blood and 30 mg. trichloroacetic acid per liter in his 
urine ten days later. After three weeks the urine was found to contain 
about 3 mg. of trichloroacetic acid per liter. 

The interest we had in these 3 cases lies not only in the opportunity 
to make some determinations respecting the excretion of a high intake of 
the solvent but also in the opportunity to obtain information about the 
after-effect. Whereas acute intoxications produce symptoms which can be 
readily diagnosed, the demonstration of permanent damage caused by 
chronic inhalation seldom seems to be possible. The observation of 
Plessner ** that trichloroethylene exerted a specific effect on the tri- 
geminal nerve has not been confirmed, and its medicinal use*has been 
relinquished. Also, the few experiments on animals in which fatty 
degeneration of the liver was reported have nowhere found an analogy 
in human pathology. In the literature some cases of retrobulbar neuritis 
and other nerve lesions are described. These seem to be the only 
sequelae of chronic trichloroethylene poisoning which have withstood 
criticism. In this train of thought the consequences of the chronic 
excretion of trichloroacetic acid have to be considered. Trichloroacetic 
acid is a strong organic acid which may be neutralized in the body by 
sodium or potassium. The question may also be asked whether this 


15. The information concerning this case was sent to us by Dr. J. G. Bruyel, 
industrial medical officer at Tilburg, Holland 

16. Plessner, cited by Barrett, H. M.; MacLeane, D. L., and Cunningham, 
J. G.: Comparison of Toxicity of Carbon Tetrachloride and Trichlorethylene, 
J. Indust. Hyg. & Toxicol. 20:360, 1938. 
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constant elimination of fixed alkali will result in acidosis or in diminu- 
tion of the carbon dioxide-combining power of the blood. It may be 
worth checking this suggestion by experiment. 


SUMMARY 


After a brief outline of literature on the industrial toxicologic aspects 
of trichloroethylene, the importance of quantitative data is stressed. 
A summary is given of the different methods of determining the tri- 
chloroethylene content of air and blood and estimating the trichloroacetic 
acid content of blood and urine. For the last determinations we have 
developed methods of our own. The relation of the subjective symp- 
toms, the excretion of trichloroacetic acid and the trichloroethylene 
content of the atmosphere in which employees of the factories concerned 
have worked is discussed. The amount absorbed by way of the skin 
is considered to be unimportant as compared with the amount taken in 
by the lungs. 


The suggestion is made that prolonged exposure to a high atmos- 
pheric concentration of trichloroethylene may cause acidosis. 
Chemical details will be published in a chemical periodical. 
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TRICHLOROETHYLENE POISONING 


LAWRENCE H. COTTER, M.D. 
NEW YORK 


ICHLOROETHYLENE (CHC1: CC1,) is used in industry tor 

dry cleaning of fabrics and as a solvent for fats, oils, resins, paints 
and rubber. In medicine it is applied as an analgesic, often recommended 
in the treatment of trigeminal neuralgia. This compound has in the 
past been regarded as being relatively innocuous, and toxic effects 
have not been previously reported as occurring in man. 

In the process of cleaning filters of a reconditioned L.S.T. craft, a 
large quantity of trichloroethylene was spilled and allowed to seep into 
the bilge. Fumes penetrated the whole ship for several days, and a 
number of workers were heavily exposed and became ill. The clinical 
and chemical manifestations of poisoning observed in these men constitute 
the basis for the present report. 


REPORT 


OF CASES 


Case 1.—C. C., a 47 year old laborer, was in the hold, bailing out contaminated 
water, when an attack of vomiting began, lasting two days. He remained in bed a 
week, but symptoms of nausea, dizziness and dyspnea persisted for another week 
after that. He was not jaundiced. His blood pressure was 100 systolic and 70 
diastolic. His blood count was normal. A study of the urine gave negative results. 
He complained of severe back pain, radiating forward to the groin, for three months. 

Case 2.—E. M., a 31 year old “snapper,” went below to investigate after several 
men came up reporting that they felt “drunk.” For two days he tried to decontami- 
nate the area, but felt nauseated, had precordial pain and finally lost consciousness. 
He remained in bed, suffering from diarrhea, which persisted for a month, and also 
severe back pain, which lasted four months. His blood count was normal. Exami- 
nation of the urine revealed no abnormality. His blood pressure was 102 systolic 
and 65 diastolic. 


Case 3.—I. G., a 44 year old laborer, was engaged in cleaning the hold and did 
not know anything about the accident until he recovered consciousness in the dis- 
pensary. He went to bed for three weeks, during which he had constant headache, 
backache, nausea and cramps. His blood count was normal, and a study of the 
urine revealed nothing of significance. His blood pressure was 89 systolic and 50 
diastolic. His backache persisted for five months. 


Case 4.—N. L., a 34 year old machinist's helper, went to get a fellow worker out 
of the hold. He emerged in what resembled a drunken frenzy and dashed about 


the deck until forcibly restrained. He subsequently became comatose. During ten 


From the Department of Medicine, College of Physicians and Surgeons, 
Columbia University, and the Presbyterian Hospital. 
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days he had alternate periods of coma and excitement, with constant backache and 
tenderness in the right upper quadrant of the abdomen. His blood pressure was 
80 systolic and 50 diastolic. His blood count was normal. His urine showed casts, 
clumps of pus and red blood cells. The hematuria subsided in about a week, but the 
back pain persisted five months. 

Case 5.—M. C., a 26 year old laborer, went on deck for some air after noticing a 
“funny smell.” He went back, but soon became dizzy and had to leave the hold. 
He remained in bed about a month, complaining of nausea, diarrhea and cramps. 
His blood pressure was 109 systolic and 60 diastolic His blood count was normal 
His urine revealed nothing of significance. 

Case 6—D. M., a 39 year old laborer, was working where the fluid was 
actually spilled, and lost consciousness almost at once. He spent eight days in bed 
and complained of frequency of urination, nocturia and dizziness for two Weeks. 
His blood count was normal. A study of the urine and a cephalin-cholesterol 
flocculation test gave negative results. His blood pressure was 80 systolic and 
50 diastolic. He had one persistent sequela, not found in the others, a definite 
sensitivity to noise, which he insisted he had never noticed before the accident. 

Case 7.—O. K., a 39 year old “scaler” was cleaning the filters when his head 
began to throb. He went home at once and stayed in bed a few days, suffering from 
nausea and some back pain. A study of his urine and a bleod count disclosed 
no abnormality. His blood pressure was 100 systolic and 80 diastolic. 

Case 8.—J. R., a 24 year old laborer, felt a severe burning sensation in his eyes 
while working near the spilled fluid. He went to bed for a week with dizziness and 
nausea. His blood count was normal. A study of the urine revealed nothing of 
note. His blood pressure was 90 systolic and 50 diastolit. At the end of one month 
he still complained of feeling tired, with occasional cramps and complete loss of the 

sense of taste 

Case 9.—], F., a 44 year old laborer, smelled something like chloroform and 
immediately left the scene. He was dizzy for a few hours only. His blood 
pressure was 100 systolic and 70) diastolic. A study of the urine and a blood count 
revealed no abnormality. 

Case 10.—A. S., a 39 year old machinist, remembers only smelling a “strong 
odor” before he lest consciousness. For several days he suffered from a violent 
headache. His blood pressure was 117 systolic and 70 diastolic. A study of the 
urine, a blood count and a cephalin-cholesterol flocculation test gave negative 
results 
From the foregoing case records it is apparent that symptoms 
indicative of acute intoxication of the central nervous system were 
common following intensive inhalation of trichloroethylene and were 
characterized by dizziness, nausea and vomiting, mental agitation and 
coma, Later and more persistent toxic manifestations included abdomi- 
nal cramps, diarrhea, pain in the lower part of the back and occasional 
headache. These late symptoms lasted at times for many weeks. Mild 
arterial hypotension was present in a number of patients early in their 
course, and later the blood pressure returned to normal levels. It is 
of interest that only one patient, N. L., showed abnormalities of the 
urine. None were clinically jaundiced, and the serums of none gave 
positive reactions in the cephalin-cholesterol flocculation test. 
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Findings in Cases of Trichloroethylene Intoxication One Week, One Month and 
Two Months After Exposure 


Patient CC. BM 


Blood sugar, mg. per 100 ee. 
1 week.... 108 
1 mo. 
2mo.. 

Serum nonvprotein x, mg. per 100 ce. 


5.6 
34 
39 
Serum kaline phosphac ase, Bodanaky units 
1 mo 
2 mo, 
Serum cholester cory meg. per 100 ec. 
1 week........ . 
2 mo. 
Serum tree cholesterol, mg. per 100 ce 
110 


Serum carbon dioxide, per lite 
1 week. 
1 mo 
Serum chloride, mEq. per liter 
1 wee es 
mo 
2 mo.. 
Serum sodium, mE q. per liter 
1 week. 
1 mo. 
2 mo.... 
Serum mEq. per liter 


Serum bilirubin, meg. per 100 ce 
1 week.... 


: 
127 we die 100 
1 week PER Zi 33 2 35 29 » 31 27 
31 338 4s ane ee 32 40 oe 
Total serum protein, Gm. per 100 ce 2: 
7.1 83. Tl 7A 75 70 64 6.7 6.9 
ces 78 7.5 9.2 8.0 eae 8.0 7A 
Serum albumin, Gm. per 100 ce. 
WOOK. . 49 4.3 41 47 40 4.0 | 
Serum globulin, Gm. per 100 ec. : ee 
1 WOOK... 3.3 2.2 40 40 2.5 3.1 2.9 1.7 2.7 2.9 
3.9 3.5 4.0 eee 2.5 2.3 4.0 2.5 ; 
Serum euglobulin, Gm. per: 100 ce. 
Serum pseudoglobulin, Gm. per 100 ce. 
1 WEEK. 13 3.9 34 18 2.7 2.2 1.5 1.5 2.8 
Serum phosphorus, me. per 100 ec = 
34 3.6 38 8.1 3.6 2.4 18 
= 
258 175 245 200 242 06 oe 
Serum cholesterol esters, mg. per 100 ce 4 j a 
208 182 207 140 M48 299 152 188 112 3 
1 mo 79 117 182 140 83 130 4 : 
= 45 17 63 106 170 154 66 
6.0 88 2.7 MS WI WS W2 264 i 
3.0 288 7.1 24 BH 
» 245 25.8 ‘ %.2 28.3 
106 106 10014 101 106 104 104 
1 10 106 104 106 110 109 ‘ 
108 oon 107 106 108 
145 143 141 143 145 146 see 
; 7 68 67 69 48 63 62 74 52 58 Jt 
5.5 54 68 is 5.5 4.5 4.1 a ty 
oon O02 trace 06.2 02 trace 0.2 0.2 


322 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


In the table are shown the results of extensive surveys of various 
chemical constituents of the blood one week, one month and two months 
after the acute trichloroethylene exposure. Commonly acepted standard 
chemical procedures were employed in all except the serum calcium 
determinations, which were made by the following technic: 

The calcium was precipitated as oxalate. The precipitate was filtered and washed 
with solution of ammonia, the microfilter stick technic } being used. The oxalate was 
then titrated against ceric sulfate at 50 C. with orthophenanthroline ferrous sulfate as 
the indicator and iodine monochloride as the catalyst. The ceric sulfate was 
standardized against standard oxalic acid, and the result was calculated by deter- 
mining milliequivalents of oxalate, hence milliequivalents of calcium. The normal 


range found for serum calcium with this technic in this laboratory is 4.5 to 5.5 
milliequivalents per liter. 


The most consistent chemical disturbance was hypercalcemia, which 
appeared early after the exposure, levels in 6 of the 10 patients being 
in excess of 6.0 milliequivalents per liter. In only 1 of 8 patients 
followed after one month did the serum calcium remain significantly 
elevated. The mechanism of the hypercalcemia is not apparent. Hyper- 
globulinemia of some degree developed and persisted for some weeks 
in 4 patients, but it could not be satisfactorily correlated with hyper- 
calcemia. The change in globulin level suggests a factor of liver damage 
despite the absence of bilirubin or phosphatase retention or a disturbance 
of the esterification of serum cholesterol. The findings of abnor- 
malities in serum globulin without jaundice or phosphatase retention is 
not unusual in intoxication with other halogenated hydracarbons. 


SUMMARY 


Severe manifestations of intoxication were observed in men exposed 
to trichloroethylene fumes. The acute symptoms suggested intoxication 
of the central nervous system. Significant hypercalcemia and hyper- 
globulinemia were present in a number of the patients studied. 


1. Beneditti-Pichler, A. A.: A Modification of the Benedetti-Pichler Filter 
Stick, Ztschr. f. analyt. Chem. 64:409, 1924. 
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SOLUBILITY OF SILICA AND ALUMINA 


C. M. JEPHCOTT, Ph.D. 
AND 


J. H. JOHNSTON, M.A. 
TORONTO, CANADA 


HE THEORY of silicosis which postulates that silica must be 

in a soluble form in order to produce its well known tissue 
response has led to an intensive study of the solubility of siliceous 
rocks and minerals. In general, the results of these investigations have 
supported the view that the toxicity of siliceous materials depends on 
their solubility. Although regarding this theory some serious discrep- 
ancies are found in practice, it may be said that the more soluble forms 
of silica are usually the more toxic. 

Gye and Purdy ' were the first to point out that the chemical action, 
not the physical presence, of siliceous minerals|is responsible for the 
production of fibrosis in silicotic lungs. This work was investigated by 
Gardner and Cummings,* who showed that the tissue reaction which 
quartz elicits depends on the particle size. 

The solubility theory was strengthened by the work of Kettle,™* 
who showed that a previously harmful quartz dust was rendered quite 
innocuous to the lungs of guinea pigs during the experimental period 
if it was coated with an impervious layer of iron oxide. This observation 
and Haldane’s *® theory of antidotal rocks suggested the possibility of 
inhibiting the tissue response by decreasing the pulmonary dissolution 
of silica. 

Denny, Robson and Irwin‘ found that very small amounts of 
aluminum almost completely prevented siliceous material from passing 
into solution and that their “metallic aluminum powder,” on being 


From the Division of Industrial Hygiene, Department of Health of Ontario. 

1. Gye, W. E., and Purdy, W. J.: Poisonous Properties of Colloidal Silica, 
Brit. J. Exper. Path. $:238, 1924. 

2. Gardner, L. U., and Cummings, D. E.: The Reaction to Fine and Medium 
Sized Quartz and Aluminum Oxide Particles, Am. J. Path. 9:751, 1933. 

3. (a) Kettle, E. H.: Interstitial Reactions Caused by Various Dusts and 
Their Influence on Tuberculous Infections, J. Path. & Bact. 35:395, 1932. (b) 
Haldane, J. S.: Tr. Inst. Min. Eng. $8:264, 1917. 

4. Denny, J. J.; Robson, W. D., and Irwin, D. A.: The Prevention of Silicosis 
by Metallic Aluminum 11, Canad. M. A. J. 40:213, 1939. 
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converted into hydrated alumina, reduced the toxicity of quartz im 
tissues chiefly by coating the quartz particles with an insoluble and 
impermeable coating. Gardner’ discovered that hydrated alumina 
inhibited the action of quartz when both were introduced into the animal 
body in separate suspensions or even by different pathways. Later 
Bremner * showed that dialyzable alumina may be readily leached from 
many aluminous minerals under conditions quite comparable with those 
existing in body fluids. He showed also that these aluminous minerals 
are capable of reducing the solubility of quartz to a marked degree 
when mixed with the latter in equal proportions. 

Until recently, studies of the effects of aluminum and alumina 
on the lung have been confined for the most part to assessing their 
therapeutic value in the prevention and the treatment of silicosis. 
Haynes * demonstrated that soluble hydrated alumina when inhaled 
by guinea pigs for two hours per day for two weeks produced, after an 
interval of one hundred and six weeks, well marked lesions in the lungs. 
He concluded that “hydrated alumina is a progressively harmful dust, 
causing only a slight early response which later becomes more brisk 
and then falls off again to a largely lymphatic removal.” Similar 
experiments with emery (impure corundum) showed that this form 
of alumina produced only a typical foreign body reaction. Denny, 
Robson and Irwin + exposed rabbits to an atmosphere containing freshly 
ground, finely particulate “metallic aluminum powder” in concentrations 
averaging 7,000 particles per cubic centimeter, twelve hours daily for 
fourteen months. (After the cessation of this dust exposure, some of the 
animals were observed for an additional seven months. Although the 
lungs of the rabbits contained 270 to 1,200 mg. of aluminum per 
hundred grams of dried tissue, the authors reported that there was 
no effect on the general health of the animals and no evidence of toxicity 


or damage to the tissues. Later Belt and King * demonstrated that 
finely powdered metallic aluminum was capable of producing considerable 
pathologic changes in the lungs of rats when introduced by intra- 
tracheal insufflation in 20 to 50 mg. doses. On the other hand, Gardner 
and associates ° reported that in guinea pigs exposed to an atmosphere 
containing hydrated alumina for forty-eight hours a week over a period 
of six months the reaction in the lung was confined to phagocytosis. 


5. Gardner, L..U.; Dworski, M., and Delahant, A. B.: Aluminum Therapy in 
Silicosis, J. Indust. Hyg. & Toxicol. 26:211, 1944 


6. Bremner, F.: Antidotal Rocks and Silicosis, Canad. Mining J. 60:589, 1939, 


7. Haynes, F.: Experimental Dust Inhalation in Guinea Pigs, J. Hygiene 
31:96, 1931. 

8, Belt, T. H., and King, F. J.: Failure of Aluminum to Prevent Experimental 
Silicosis, J. Path. & Bact. §8:69, 1943. 
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The clinical study made by Goralewski® on workmen exposed to 
very finely divided aluminum in the manufacture of aluminum powder 
in Germany during the last war increased the interest in the toxicity 
of this metal and its effect on the lung. More recently, Shaver and 
Riddell *° in Canada and Waetjen '' and Hagen "* in Germany reported 
their pathologic findings in the lungs of certain workmen engaged in 
manufacturing alumina abrasives from bauxite. These workmen were 
exposed to a fume consisting chiefly of very finely divided alumina and 
silica given off by the electric furnaces during the melting of the 
bauxite. Points of similarity between the tissue response associated 
with the inhalation of this fume and that associated with the inhalation 
of very finely divided metallic aluminum in the German powder works 
suggest that the alumina portion of the fume might be a factor which 
contributed to the lung changes observed. 

A hydrated mixture of amorphous silica and amorphous alumina 
is used as a synthetic clay catalyst in the oil industry. To test the 
toxicity of this mixture, Dernehl, Nau, Frank and Neidhardt ** exposed 
guinea pigs to an atmosphere containing 500 million particles per cubic 
foot, forty-four hours a week up to sixty weeks. They reported 
that in their exposed group there was a significantly larger incidence 
of pneumonia and a pulmonary fibrosis which was not compatible with 
mature silicosis. 

It is well known that certain forms of aluminum and alumina 
will depress the solubility of silica. However, the effect of silica on 
the solubility of alumina has not been studied. This point is of interest 
when the fume to which workers are exposed in plants producing 
alumina abrasives from bauxite is considered. ‘This fume consists 
mainly of a mixture of very finely divided amorphous alumina and very 
finely divided amorphous silica. The effect of each on the solubility of the 
other has not been determined. Direct experiments to ascertain this 


point present difficulties, as there is no convenient method of separating 


9. Goralewski, G.: Clinical and Animal Experimental Studies and the Question 
of the Aluminum Dust Lung, Arch. f. Gewerbepath. u. Gewerbehyg. 9:676, 1939; 
The Symptomatology of the Aluminum Dust Lung, ibid. 10:384, 1940; Clinical 
Study of the Aluminum Lung, ibid., 11:106, 1941 

10. Shaver, C. G., and Riddell, A. R.: Lung Changes Associated with the 
Manufacture of Alumina Abrasives, J. Indust. Hyg. & Toxicol. 20:145, 1947 

11. Waetjen, J.: Concerning Lung Findings in a Corundum Smelter, Ztschr 
f. d. ges. inn. Med. 2:179, 1947. 

12. Hagen, J.: Published by the Labor Ministry for the Northern Rhine and 
Westphalia Accident Prevention Division, 1948 

13. Dernehi, C. U.; Nau, C. A.; Frank, T. M., and Neidhardt, H. W.: Experi- 
mental Studies on the Action of Silica Gel Catalyst Administered to Guinea Pigs 
by Inhalation, J. Indust. Hyg. & Toxicol. 31:32, 1949 
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the fume into its component parts. This necessitates that samples of 
alumina and silica derived from other sources be used, in order to 
obtain data on the solubilities of these types of material. 


MATERIALS 


USED 


Samples Containing Both Alumina and Silica—Samples of the fume from 
bauxite were collected by means of a vacuum cleaner from directly above the 
electric furnaces in four different factories designated as plants A, B, C and D. 
The fume consists of very small spherical particles and is essentially amorphous in 
nature but contains some indication of crystalline material in the form of alpha 
and gamma alumina. The chief constituents are alumina and silica, which together 
make up 82 to 90 per cent of the fume. The chief impurities are iron, titanium, 
manganese and alkalis. More detailed information has been published elsewhere.'4 


Samples of Alumina and/or Aluminum.—“White” alumina abrasives are manu- 
factured on a small scale in Canada. The raw material, in this case, is a purified 
form of alpha alumina, the same as is used in the commercial production of 
aluminum metal. For convenience, it is referred to as East St. Louis alumina. 
The fume given off when this material is fused in an electric furnace consists 
of very finely divided spherical particles, comparable in size and shape to those of 
the experimental alumina fume (fig. 2). The furnace fume from East St. Louis 
alumina is composed of a mixture of alpha alumina and aluminum trihydrate with 
a small amount of sodium aluminate. The roentgen ray diffraction pattern is shown 


' in figure 1 A. Before being used in the solubility experiments, this fume was water 
i ; washed to remove the soluble sodium salts. 
Although it is thought that inhaled alumina abrasive dust causes only a foreign 


body reaction in the lung, nevertheless the fact that workers are exposed to it 
during the breaking up and grinding of the fused product suggests its inclusion 
{ in the series of alumina compounds investigated. 

A finely ground sample of a white alumina abrasive of high purity and a finely 
ground sample of a dark alumina abrasive prepared from bauxite were obtained. 
Both these materials were shown to consist of alpha’ alumina. 

Many workmen in plants A, B, C and D are exposed to calcined bauxite dust. 
Samples of both Arkansas and Surinam bauxites were obtained. They consist of 
alpha alumina and contain about 10 to 20 per cent impurities, chiefly iron, titanium 
and clay. 

Recently, the pulmonary changes associated with the inhalation of pure alumina 
fume have been studied in rats and guinea pigs by MacFarland and Hornstein.1® 
A sample of this fume, referred to as experimental alumina fume, was made 
available to-us. It was prepared by striking an electric arc between two aluminum 
electrodes and was composed of very finely divided spherical particles as shown by 
the electron micrograph (fig. 2). The Geiger counter spectrometer tracings and 
the roentgen ray diffraction pattern (fig. 1B). indicate that it contains gamma 
alumina with no evidence of any alpha alumina. It is possible, however, that the 
fume contains some alumina in an amorphous form. 

“14, Jepheott, C. M.; Johnston, J. H., and Finlay, G. R.: The Fume Exposure 
in the Manufacture of Alumina Abrasives from Bauxite, J. Indust. Hyg. & Toxicol. 
30:145, 1948. 

15. MacFarland, H. N., and Hornstein, N.: An Experimental Investigation of 
the Effects of the Inhalation of Alumina and Other Fumes, Canad. Chem. & Process 
Indust. 33:145, 1949. 
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Another type of pure alumina powder is manufactured under the trade name of 
alon.* It has a particle size of 30 to 50 millimicrons and is made up of chainlike 
groups of spherical aggregates. It was shown to consist chiefly of gamma alumina. 


Fig. 1—Roentgen ray diffraction patterns: A, alpha alumina, designated in text 


and tables as East St. Louis alumina. B, gamma alumina. C, alpha alumina 
monohydrate with a small amount of calcite, designated in text and tables as 
x H1010. D, black aluminum powder (about 20 per cent metallic aluminum and 
80 per cent aluminum oxide). An electron micrograph is shown in figure 3. E, 
amorphous silica composing a fume prepared by striking an electric arc between 
carbon and silicon. An electron micrograph is shown in figure 4. F and G, opaline 
silica with more or less ordering toward a cristobalite structure, more apparent in 
G. The samples of diatomaceous earths showing these patterns were known as 
snow floss® (F) and celite 505% (G). H, cristobalite. The diatomaceous earth 
showing this pattern is known as super floss.® See text for further description 
of celite 505% and super floss.® 
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Two samples of the type of alumina which has been used therapeutically in 
inhalation experiments in the treatment of silicosis in animals and man have been 
included in these studies. The first sample, referred to as xH1010, is the white 
powdered alumina selected by Gardner, Dworski and Delahant® as an antidotal 
agent against silica dust. It is composed of alpha alumina monohydrate with a 
small amount of calcite. The roentgen ray diffraction pattern is shown in figure 1 C. 

The second is a sample of very finely divided “metallic aluminum powder,” 
similar to that originally prepared by Denny, Robson and Irwin,’ and referred to 
in this paper as black aluminum powder. At present it is manufactured under the 
auspices of the McIntyre Research Foundation. It consists of about 20 per cent 
metallic aluminum and 80 per cent aluminum oxide. This alumina must be essen- 
tially amorphous in nature as the roentgen ray diffraction pattern (fig. 1D) shows 
only the presence of aluminum. Each particle is made up of a core of the metal 


| 


Fig. 2.-An electron micrograph of an experimental alumina fume. This fume 
was shown to be gamma alumina. It was prepared by striking an electric arc 
between two aluminum electrodes and was composed of finely divided spherical 
particles, Magnification, 24,000. 


surrounded by the oxide. Ninety-nine per cent of the particles are less than 5 
microns in diameter. The electron micrograph is shown in figure 3. 

As the black aluminum powder contains such a high percentage of alumina, it 
was thought advisable to include a sample containing a pure form of metallic 
aluminum. The one which was chosen was manufactured by an atomizing process. 
It assayed 99 per cent aluminum and was sufficiently fine to pass through a 325 
mesh screen 

Samples of Silica.—Most investigators are of the opinion that silica must be in 
a crystalline form in order to produce a disabling pulmonary fibrosis, and it is 


16. Denny, J. J.; Robson, W. D., and Irwin, D. A.: The Prevention of Silicosis 
by Metallic Aluminum 1, Canad. M. A. J. 37:1, 1937. 
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generally held that some silicates may cause a modified type of pulmonary lesion. 
Thus the solubility experiments on siliceous compounds have been confined, for 
the most part, to a study of the amounts of quartz and silicates which will dissolve 
in different solvent mediums.‘* It is not generally thought that the inhalation 
of amorphous silica will produce typical silicotic lesions, although little animal 
experimentation has been done on this subject. Since amorphous silica is more 
soluble than quartz, it is possible that it might be eliminated from the lung 
at a greater rate. King and McGeorge '* found a marked increase in the urinary 
excretion of silica, which persisted for some days, in cats which had inhaled 
amorphous silica for a six hour period. No such marked increase occurred when 
quartz was used. 

The relatively large amount of amorphous silica, as well as alumina, present 
in the furnace fume generated during the fusion of bauxite might lead one to 


Fig. 3.—Electron micrograph of black aluminum powder. This consists of about 
20 per cent metallic aluminum and 80 per cent aluminum oxide. Each particle is 
made up of a core of the metal surrounded by the oxide. x 24,000. 
consider the possibility of the amorphous silica being a factor which contributed 
to the lung changes observed. According to our present knowledge, however, the 
inhalation of the amorphous silica fume given off from electric 
manufacture of both ferrosilicon and silicon carbide has not 
reaction in the human lung. 


furnaces in the 
caused a similar 


A sample of silica fume was collected by means of 


a vacuum cleaner in a 
plant making silicon carbide 


The point of collection was well above the electric 
furnaces. This fume was composed of very fine particles and consisted chiefly of 
17. King, E. J., and Belt, T. M.: The Physiological and Pathological Aspects 
of Silica, Physiol. Rev. 18:329, 1938. 

18. King, E. J., and McGeorge, M.: The Solution and Excretion of Silica, 
Biochem. J. 32:426, 1938. 
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amorphous silica with some crystobalite, graphite and silicon carbide. Chemical 
analysis indicated the presence of a small amount of alumina, which might have 
been present as a result of the silica fume having been contaminated with the 
fume from an adjacent building where alumina abrasives are manufactured. 

Very finely divided amorphous silica fume was used also by MacFarland and 
Hornstein *® in their inhalation experiments with rats and guinea pigs. They 
reported that sections of the lungs of their silica-exposed rats revealed the nodule 
formation and fibrosis typical of silicosis. A sample of this fume, referred to as 
experimental silica fume, was made available to us. It was prepared by striking an 
electric arc between carbon and silicon. It is composed of very finely divided 
spherical particles, as shown by the electron micrograph (fig. 4). The roentgen ray 
diffraction pattern (fig. 1 E) and the Geiger counter spectrometer tracing indicated 
that the fume consisted of amorphous silica. 


| 


Fig. 4.—Electron micrograph of a fume, composed of amorphous silica, prepared 
by striking an electric arc between carbon and silicon. It consists of very finely 


divided spherical particles. This is designated in text and tables as an experimental 
alumina fume. x 24,000. 


Very finely divided amorphous silica is also available commercially. Two 
samples were obtained. The first is marketed under the trade name santocel C.® 
The second, referred to as Goodrich silica, consists of aggregates of very fine 
particles, as shown in the electron micrograph (fig. 5) 


Diatomaceous earth is a naturally occurring form of hydrated amorphous silica 
which is used commercially on a large scale. For many years the inhalation of 
this material was thought not to lead to any disabling fibrosis. More recently, 
however, there seems to be some evidence to suggest that this view should be 
modified. Johnstone !® summarized the present day knowledge as follows: Work- 

19. Johnstone, R. T.: Occupational Medicine and Industrial Hygiene, St. Louis, 
C. V. Mosby Company, 1948, p. 382. 
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men exposed to the natural diatomaceous earth (uncalcined) may reveal, by 
roentgenogram, a benign pneumonoconiosis without any signs, symptoms or 
disability. Those who have been exposed to the calcined earth present an entirely 
different picture and one that is far different from that seen in silicosis. The 
pathologic appearance is one of abundant fibrosis, shrinkage of the lung tissue and 
contraction of the veins, The roentgenogram of the lung gives the impression of an 


infection, suggested by the fuzziness and haziness of the lung markings. The 


peculiar reaction within the lung of the calcined diatomaceous earth worker appears 
to be due to the action of cristobalite and, to a less extent, tridymite. 


Three samples of diatomaceous earth were obtained. The first was untreated 


material known as snow floss.* The second was a calcined product known as 


Fig. 5.—Electron micrograph of an amorphous silica known commercially as 
Goodrich silica. > 24,000. 


celite 505.8 The roentgen ray diffraction patterns of both these samples (fig. 1 F 
and G, respectively) show the presence of opaline silica with more or less ordering 
toward a cristobalite structure, which is somewhat more apparent in the case of 
celite 505.8 Both contain a small amount of quartz. It is apparent that the heat 
used in the simple calcining process in the production of celite 505° was not 
sufficiently high to cause appreciable conversion to cristobalite. In the case of 
the third sample, known as super floss,® the situation is entirely different. This 
material had been flux calcined and the roentgen ray diffraction photogram (fig. 
1H) shows a well developed pattern for cristobalite. 


It is apparent that the use 
of the flux aids in the crystallization of the 


silica to a marked degree. 


For comparative purposes, a sample of quartz has been included in these solu- 
bility studies. It assayed close to 100 per cent silica and was ground to pass 


through a 325 mesh screen. The particles under 5 microns were separated by 


elutriation in water for use in another experiment 
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EXPERIMENTAL DETAILS 


General Considerations.—Frequently the determination of the solu- 
bility of a sparingly soluble material presents difficulties. Equilibrium 
between the solid and the liquid phase may not be reached within a 
reasonable length of time. King, Roman and McGeorge *’ reported 
that the period required for shaking a mixture of siliceous dust and 
solvent was ideally about a week. However, it is generally considered 
that a period of forty-eight hours is ample to give comparative results. 


The apparent degree to which a dust dissolves in a given solvent 
at a fixed temperature depends on the particle size of the dust and 
the ratio of dust and solvent. Both these factors affect the rate of 
dissolution and thus the amount of dust dissolved in a given period. 
Using a two day shaking period, King and his co-workers ** found that 
a ratio of 2 Gm. of mineral dust to 100 cc. of solvent produced maximum 
results with quartz and other forms of free silica. 

The difficulty of separating the liquid from the solid phase may cause 
errors in the determination of the “dissolved” material. When the solid 
phase consists of extremely fine particles, much of it is found in a state 
of more or less permanent suspension. These fine particles can be 
completely removed by high speed centrifugation or by ultrafiltration, 
but the adoption of these technics depends on the availability of the 
necessary equipment. The utilization of a colorimetric method for 
the determination of “dissolved” material into which only the molecularly 
dispersed particles will enter furnishes a means of obtaining the desired 
results. Solubility figures obtained in this way are open to the objection 
that the reagents used may have a solvent action on the undissolved 
particles. However, it has been shown that solubility figures obtained 
for silica by the silicomolybdic acid method after simple filtration agree 
very closely with those obtained on ultracentrifugates and ultrafiltrates 

Procedure.—It is generally considered inadvisable to use glass vessels in solu- 
bility experiments with silica without applying a protective coating to those parts 
which come in contact with the solvent. A control experiment was performed to 
determine the amount of silica and of alumina which would dissolve from the 
pyrex glass solubility tubes which were used. No detectable amount of alumina 
was found. Although a small silica blank was abtained, it was not sufficiently great 
to be a factor, as it was within the experimental error of the solubility tests. 


20. King, E. J.; Roman, W., and McGeorge, M.: The Depression of Silica 
Solubility in Body Fluids by Mineral Dusts, Proceedings of the International 
Conference on Silicosis, International Labour Office Studies and Reports Series F 
(Industrial Hygiene), no. 17, Geneva, 1938. 

21. King, FE. J.: Chronic Pulmonary Disease in South Wales Coalminers: 
III. Experimental Studies; E. The Solubility of Dusts from South Wales Coal 
Mines, Medical Research Council, Special Report Series, no. 250, London, His 
Majesty's Stationery Office, 1945. 
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The solvents used were water and a modified Ringer's solution, from which the 
phosphate had been omitted. As suggested by King,*! the latter was prepared as 
follows: Ten grams of sodium bicarbonate, 0.42 Gm. of potassium chloride, 0.48 
Gm. of calcium chloride and 2.0 Gm. of dextrose are each dissolved in water. The 
solutions are mixed, diluted to nearly | liter and adjusted to pu 7.4 by dropwise 
addition of hydrochloric acid. The mixture is then diluted to 1 liter and filtered 
from the small precipitate of calcium carbonate always found on mixing. 

In all tests, 0.5 Gm. of total solute was suspended in 25 cc. of solvent and the 
suspension agitated in a mechanical shaker for forty-eight hours. When a mixture 
of two dusts or fumes was used, these were weighed out in equal quantities, i. e., 
0.25 Gm. of each. Equal amounts were chosen, as both the effect of alumina on 
the solubility of silica and the effect of silica on the solubility of alumina were 
determined in the same series of tests. This necessitated the estimation of both 
silica and alumina in those filtrates in which both were present 

The solid was separated from the liquid phase by filtering through double no. 42 
Whatman filter papers. In most cases a clear solution was obtained. 
filtrates were refiltered through the same filter 
remove the visible suspension. 


Opalescent 
This was usually sufficient to 


All tests were conducted in duplicate at least. When, as occasionally happened, 
clear filtrates were not obtained or duplicate results were not in close agreement, 
additional tests were run. 


For the estimation of dissolved silica, the silicomolybdic acid blue color method 
of Bunting 2? was used. The sensitivity was increased by reading the absorption 
in a spectrophotometer at a wavelength of 850 millimicrons instead of at 700 milli- 
microns as suggested. The determination of alumina was made by the method of 
Cholak, Hubbard and Storey as modified by Sandell.** 


RESULTS AND COMMENTS 


The term “solubility” is used to indicate the concentration of silica 
or alumina in solution under the conditions as noted, determined colori- 
metrically and expressed in milligrams per hundred cubic centimeters 
of solvent. Thus the figures do not refer to an equilibrium between 
the solute and the solvent but to an actual amount dissolved in a given 
time at a given temperature. 


Ideally, all samples should have been 
of the same particle size. 


This was not practical, but the coarser 
materials were all ground so as to pass through a 325 mesh screen. 

Effect of Alumina on the Dissolution of Silica —(a) In modified 
Ringer’s solution at 37 C. (table 1): The solubility figures for some 
of the silica samples are higher than those reported hitherto. All the 
samples which showed these high results were composed of very minute 
particles. Thus the greater solubility might be due in part to the 
extreme fineness of the material and in part to the possible inclusion 
of some colloidal particles in the determination of dissolved silica. 

22. Bunting, W. E.: Determination of Soluble Silica in Very Low Concentra- 
tions, Indust. & Engin. Chem. (Anal. Ed.) 16:612. 1944 


23. Sandell, E. B.: Colorimetric Determination of Trace Metals, New York. 
Interscience Publishers, Inc., 1944, p. 125 
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Although the furnace fume from bauxite is also composed of very 
minute particles, the solubility figures for the silica are very low. This 
fact is of interest when one is considering the lung changes associated 
with the inhalation of this fume. It is reasonable to suppose that the 
silica fraction should have a solubility more comparable to that of 
the silica of the experimental fume and also to that of the furnace fume 
produced in the manufacture of silicon carbide. It is probable that the 
low solubility is caused by the action of the alumina present in the fume. 
This theory is strengthened by the fact that the furnace fume from 
bauxite has the ability to depress not only the solubility of the other 
samples of silica fumes but that of the samples of diatomaceous earths 
and quartz. 

It will be seen that the solubility of super floss® 
lower than that of snow floss* 


is considerably 
and celite 505." This is possibly due to 
the presence of appreciable amounts of cristobalite in super floss.” 
It would appear that when this type of amorphous silica is converted 
into a crystalline product the conversion is accompanied by a lowering 
of the solubility. 

The figure for the solubility of quartz is lower than that reported by 
other investigators. This is not surprising when it is realized that 
the particle size of the sample (5 to 45 microns) was larger than that 
usually used for solubility experiments. 

It was found that alon® and the black aluminum powder are the 
most active in reducing the solubility of silica. In all cases the solubility 
was reduced to very low levels. 

The two samples of bauxite, the samples of furnace fume from 
bauxite and xH1010 are the next group in order of decreasing activity. 
These have only a limited effect on the solubility of santocel C® and 
practically no effect on the solubility of Goodrich silica. 

The third group consists of the furnace fume from East St. Louis 
alumina, the experimental alumina fume and the metallic aluminum. 
All three have little effect on the solubility of Goodrich silica, santocel 
C® or the experimental silica fume. 

In the last group are the white and dark alumina abrasives and the 
East St. Louis alumina. These are capable of depressing the solubility 
of only the samples of diatomaceous earth and quartz. 


(b) In modified Ringer's solution at room temperature (table 2) : 


The solubility of some of the-silica samples was determined in Ringer’s 


solution at room temperature. As was expected, the solubility was lower 
at this temperature than at 37 C. In general the activity of various forms 
of alumina in depressing the solubility of silica followed the same pattern 
as at the higher temperature. 
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(c) In water at 37 C. (table 3): The solubility of some of the 
silica samples was determined in water at 37 C. With the exception 
of the furnace fume from bauxite, the solubilities were lower in water 
than in Ringer's solution. This is especially true in regard to celite 505,* 
super floss* and quartz. 


Taste 2.—Effect of Various Forms of Alumina on the Dissolution of Different Types of Silica* 


Furnace Furnace 
Fume Fume 


from from 
Bauxite Bauxite Super Goodrich Santocel 
Materials Used Plant B Plant Celite 06} FPlosst Silica ot Quartz 


No alumina added 0.2 0.2 3.7 2.0 19.7 15.5 14 

Furnace fume trom bauxite plant B ; . OA 04 17.9 13.4 0.5 

Furnace fume from bauxite plant © pas iis 04 03 16.8 7.2 0.3 

Furnace fume from East St. Louis alumina 0.8 02 O4 0.3 19.0 12.7 0.3 

Experimental alumina fume ad ' 01 0.1 01 19.4 13,2 0.2 

White alumina abrasive 0.2 0.2 0.9 19.9 15.7 0.3 
Caleined Arkansas bauxite 0.2 0.3 0.2 0.2 16.9 9.1 0.3 . 
Alon} t t t t 0.2 0.2 t 

xHimo ... 0.2 0.3 0.2 13.2 4.6 0.6 

Black aluminum powder.... ¢ t t O4 02 0.1 

Metallic aluminum 0.1 t 19.7 149 


* The values represent milligrams of silica dissolved per hundred eubie centimeters of modified Ringer's solution 
when a 2 per cent suspension is shaken for forty-eight hours at room temperature. 

+ The amount of silica dissolved was less than 0.1 me 

} Registered trademark. 


a 

. Taste 3.—Effects of Various Forms of Alumina on the Dissolution of Different Types of Silica* 

4 Furnace Furnace 

Fume Fume Exper!- 

? from from mental 

Bauxite Bauxite Silica , Super Goodrich Santocel 
Materials Used PlantA Piant C Fume | Celite 506! Floss! Silica ct Quartz 
No alumina added,....... 0.7 ll 10.2 7 1.5 17.0 64 0.2 
Furnace fume from bauxite plant A......... és ‘“ 1] O04 04 1.6 1.6 0.3 
Furnace fume from bauxite plant C.......... - vs 15 1.0 09 19 14 0.8 
Furnace fume from East St. Louis alumina.. 0.3 038 1.7 0.3 0.2 9.7 4.1 02 
Experimental aluminua fume o4 0.6 2.8 | 0.2 1 6.1 $4 
White alumina abrasive. 04 08 55 03 0.3 5.0 20 ¢ 
Calcined Arkansas bauxite 02 0.3 20 02 0.2 8.6 41 02 

xH1010 > 0.3 0.2 o4 0.1 5.6 09 t 
Black aluminum powder 0.1 t t t t t t t 


* The values represent milligrams of siliea dissolved per hundred cubic centimeters of water when a 2 per cent suspension 
is shaken for forty-eight hours at 37 C. 

+The amount of silien dissolved was less than 0.1 mg 
! Registered trademark. 
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Both the samples of furnace fume from bauxite lowered the solubility 
of all the silica samples tested with two exceptions. The slight increase 
shown by celite 505® and quartz with the furnace fume from plant C 
may be accounted for by the dissolution of a small amount of the 
silica which is present in the fume itself. 


All the various forms of alumina used lowered the solubility of the 
different types of silica tested as well as the two furnace fumes from 


i] 
q 
a 
4 


JEPHCOTT-JOHNSTON—SOLUBILITY OF SILICA 337 


bauxite, but the various forms of alumina did not show the same 
degree of activity in this respect. The black aluminum powder, the 
metallic aluminum and alon*® had the greatest effect. 

Effect of Silica on the Dissolution of Alumina.—(a) In modified 
Ringer's solution at 37 C. (table 4): The solubility figures for the 
alumina samples show a wide variation. The value reported for metallic 
aluminum has been calculated as the oxide so that it may be compared 
with the other results. As the solubility of the black aluminum powder 
was appreciably higher than that of the other alumina compounds and 
approached that of the metallic aluminum, it is possible that the dis- 
solution of the metal fraction rather than that of the oxide was respon- 
sible for the high result. On the other hand, the solubility of xH1010 
is very low. From this it would appear that the ability of an aluminum- 
containing compound to depress the selubility of silica does not depend 
on its own solubility. 

The furnace fume from bauxite has a higher solubility than most 
of the other forms of alumina fume. This suggests that the silica portion 
of the furnace fume from bauxite had little or no effect on the solu- 
bility of the alumina. This is of interest when one is considering the lung 
changes associated with the inhalation of this fume. Further, this 
fume when added to other alumina compounds apparently did not cause 
a reduction in their solubility which might be attributed to the action 
of silica. 

Although it appears that the silica in the furnace fume from bauxite 
has little effect on the solubility of the alumina fraction, other types of 
silica have a definite action. Goodrich silica and santocel C® will reduce 
the solubility of the alumina in this fume to a low level. The same effect 
is exhibited by the experimental silica fume, although to a lesser degree. 
It is interesting to note that these three types of silica are the most 
active in depressing the solubility of other forms of alumina. None 
of the silica samples, however, will reduce the solubility of the black 
aluminum powder to a low level. 

In the case of alon® the situation is different, since the presence of 
silica increases its solubility. This increase is greatest with the Good- 
rich silica, santocel C* and the experimental silica fume. Why these 
three siliceous materials should be the most active in depressing the 
solubility of some forms of alumina and the most active in increasing 
the solubility of another form of alumina has not been investigated. 

Of the remaining types of silica, the furnace fume given off in the 
manufacture of silicon carbide has some activity in depressing the 
solubility of alumina. The diatomaceous earths and quartz have little 
or no activity. 
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(6) In modified Ringer's solution at room temperature (table 5) : 
The solubility of some of the alumina samples was determined in the 
modified Ringer’s solution at room temperature. Except in the case 
of alon,® the solubilities were much lower at this temperature than at 
37 C. Further, alon® reacted differently at the lower temperature, as 
there was no increase in its solubility in the presence of silica. 

In general, the activity of the various types of silica in depressing 
the solubility of alumina followed the same pattern at room temperature 
as at 37 C. 


(c) In water at 37 C.: As in water the solubility of the alumina 
samples was in most cases below 0.2 mg. per hundred cubic centimeters. 
No table is shown. 


Taste 5.—Effec nt Types of Silica on the Dissolution of Various Forms of Alumina* 


Furnace 
Furnace Furnace 
Fume Fume from Experi Black 
from from E. St. mental White Caleined Alum! Metallic 
Bauxite Bauxite Louis Alumina Alumina Arkansas num Alumi 
Materials Used Plant B Plant© Alumina Fume Abrasive Bauxite Alon{ xH10l0 pum 


No silica added 09 61 t 44 3.5 
Purnace fume from bauxite 
Furnace fume from bauxite 
plant © J 3.8 
Celite 505} 42 
Super floss} ee 46 
Goodrich silica 45 
5.3 
40 


Santocel 
Quartz . 


* The values represent milligrams of alumina dissolved per hundred ecubie centimeters of modified Ringer's solution when 
a 2 per cent suspension is shaken for forty-eight hours at room temperature 

t The amount of alum'na dissolved was less than 0.2 meg. 

Registered trademark. 
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SUMMARY AND CONCLUSIONS 


The amounts of silica and alumina that can be dissolved in a modi- 
fied Ringer’s solution at 37 C. and at room temperature and also in 
water at 37 C. have been determined. The effect of alumina in depres- 
sing the solubility of silica and the effect of silica in depressing the 
solubility of alumina have been studied. 

The solubility of alumina and of silica is greater in modified 
Ringer’s solution than in water, both at 37 C. and at room temperature. 

In general the rate of dissolution of silica varies inversely as the 
particle size. No such relationship was observed in the case of alumina. 

The ability of different forms of alumina to depress the solubility of 
silica is not proportional to their own solubility. Similarly, the ability 
of different types of silica to depress the solubility of alumina is not 
proportional to their solubility 
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Black aluminum powder and xH1010 alumina, which are used at 
present for therapeutic purposes, are among the most active forms of 
alumina in their ability to depress the solubility of silica. 

Alumina fumes given off in electric furnace operations will reduce 
the solubility of many types of silica to low levels. 

The furnace fumes from bauxite have a relatively low silica and 
relatively high alumina solubility. 

All forms of alumina will markedly depress the solubility of quartz 
and diatomaceous earth. Quartz and diatomaceous earth have only a 
limited effect on the solubility of alumina. 


In general, the forms of alumina which are the most active in 
depressing the solubility of silica are the ones whose own solubilities 
are the least affected by the action of silica. Similarly the types of 


silica which are the most active in depressing the solubility of alumina 
are the ones whose own solubility is least affected by the action of 
alumina 


The following companies gave assistance in this investigation: Aluminum 
Company of America, Aluminum Company of Canada, Godfrey L. Cabot Incorpo- 
rated, Canadian Carborundum Company, B. F. Goodrich Company, Johns-Manville 
Company, Monsanto Chemical Company, Norton Company. Aid was given also 
by the departments of biology and physiological hygiene of the University of 
Toronto and the Beck Memorial Hospital, London, Ontario, Canada. 
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TOXICOLOGIC STUDIES ON THE NEW MITICIDE 
BIS(PARACHLOROPHENOXY)METHANE 


|. Acute and Semichronic Toxicity 


H. C. SPENCER, Ph.D. 

Vv. K. ROWE, MS. 

E. M. ADAMS, Ph.D. 
AND 


D. D. IRISH, Ph.D. 
Biochemical Research Laboratory, Dow Chemical Company 
MIDLAND, MICH 


T HAS been found that bis(parachlorophenoxy ) methane is an effec- 

tive miticide (more correctly, acaricide) for use in agriculture. The 
present toxicologic studies were undertaken so that the health problems 
associated with the handling and the use of this material could be prop- 
erly evaluated. 


The results reported at this time have given sufficient assurance of 


safety to warrant large scale field evaluation and development of this 
product. 


MATERIAI 


Name: Bis (parachlorophenoxy ) methane 
Synonyms : Di(4-chlorophenoxy ) methane. 
K 1875 (used during early development work). 


“Neotran” (wettable powder containing 40 per cent 


by weight bis[parachlorophenoxy ]methane). 


Molecular formula 


Structural formula Ci—¢ O—CH:—O— ¢ 


Formula weight: 269.1 


Melting point: 67—68 C. 
Form: White crystalline solid. 


Solubility : Very soluble in acetone, benzene, carbon tetra 


chloride and ethyl ether; sparingly soluble in 
methanol; insoluble in naphtha and water. 
M1 
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CUTANEOUS 


IRRITATION-—RABBITS 


Studies have been conducted according to the method previously described,’ 
both 10 and 40 per cent solutions of the bis(parachlorophenoxy) methane in butyl- 
carbitol acetate being used. These solutions were applied to the ears and bandaged 
onto the shaven bellies of rabbits twenty times in twenty-eight days without causing 
a significant response. All exposed areas showed a very slight exfoliation similar to, 
and perhaps slightly more intense than, that observed with the solvent alone. These 
observations indicate that bis(parachlorophenoxy)methane is not likely to cause 


1.—Acute Cutaneous Absorption of Bis( parachlorophenoxy) methane 


Dose, 
Rabbit Gm.perKg. Material Applied Results 
C-102 5.0 Crushed solid Survived. Lost weight for 2 days, 
then rapidly reeovered; no symptoms 
©-108 50 Crushed solid Survived. Lost weight for 5 days, 
then rapidly reeovered; no syinptoms 
O14 5.0 Orushed solid Survived. Lost a little weight and 


failed to gain for 10 days, then 
recovered; no symptome 


R800 5.0 Slurry with Died in 5 days. Lost weight rapidly; 
“i 40 ce. of HxO muscular Spasm and paralysis of 
ay hind quarters 
: R01 5.0 Slurry with Survived. Lost weight for a month 
40 cc. of H20 before recovering; muscular spasm 
in hindlegs 
50 Slurry with Survived. Lost weight for 10 days, 
40 ce. of H20 then recovered; no muscular spasms 
id observed | 
q R-816 1.0 Blurry with Survived. Lost weight for 3 days, 
4 20 ce. of then ree no symptoms 
J R-817 1.0 Slurry with Survived. Ilost weight for 1 day, 
of then gained; no symptoms 
‘ R-811 10 Slurry with Survived. No loss of weight; no 
2% ce. of HeO symptoms 
R184 0.0 % ee. H20 Survived. Lost weight for a day, re 
(eontrol) gained. initial weight in a week 
R-187 530 ce. Survived. Lost weight for a day, 
(eontrol) regainell initial weight in a week 
R-189 0.0 ec. Survived. Lost weight for 2 days, 
(eontrol) then gained; almost 2 weeks before 
initial weight was regained 
R190 0.0 Just bandaged Survived. Lost weight for 1 day, 
(control) then gained, with initial weight 
being reached 3 days later 
R44 0.9 Just bandaged Survived| Lost weight for 1 day but 
(control) was above initial weight 2 days later 
R-140 0.0 Just bandaged Survived. Lost weight for 1 day, 
(control) then gained, but it was a week 


before initial weight was surpassed 


cutaneous irritation in normal handling operations. Considerable human experience 
in handling this material has not led, so far as we know, to any cases of dermatitis. 


CUTANEOUS ABSORPTION——RABBITS 


During the course of the studies concerning cutaneous irritation there was no 
evidence to indicate that toxic quantities of the material were absorbed through 
the skin 


1. Adams, E. M.; Irish, D. D.; Spencer, H. C., and Rowe, V. K.: The 
Response of Rabbit Skin to Compounds Reported to Have Caused Acneform 
Dermatitis, Indust. Hygiene Sect. 2:1-4, 1941; Indust. Med., January 1941, 
vol, 10. 
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In order to determine more accurately whether or not bis(parachlorophenoxy) - 
methane could be absorbed through the skin under extreme conditions, the “sleeve” 
technic was used essentially as described by Draize, Woodard and Calvery * 
except that the impervious sleeves were covered by heavy cloth bandages and the 
animals were allowed the freedom of their cages. In all cases the exposure lasted 
for twenty-four hours, after which the sleeves were removed and the exposed skin 
cleansed with soap and water. The animals were observed until recovery or death 
was certain. The results of this work are given in table 1. 

These data show that under extreme conditions bis (parachlorophenoxy ) methane 
can penetrate the skin in toxic amounts, but they also serve to emphasize the fact 
that from a practical point of view there is little hazard of such acute absorption. 
The dosages required to cause systemic effects, even under these rigorous conditions, 
were well above 1.0 Gm. per kilogram. It does not seem even remotely possible 
that such quantities would be encountered in the agricultural use of this miticide 


ORAL ADMINISTRATION-——RATS 


Single Dose Given by Stomach Tube.—The toxicity of bis (parachlorophenoxy ) - 
methane given in single oral doses was determined on 130 young mature male white 


Taste 2.—Acute Toxicity of Orally Administered Bis(parachlorophenoxy)- 
methane in Rats 


19/20 Confidence 
Dose, Limits, 
Lethal Dose Gm. Per Kg. Gm. Per Kg. 
0.7- 24 
3.0- 4.4 
56.0- 68 


rats from the stock colony of this laboratory. Seven dosage levels were used, 
ranging from 3.0 to 10.0 Gm. per kilogram of body weight. Aliquots of a 30 per 
cent olive oil solution were emulsified in 5 to 10 per cent acacia (gum arabic) 
solution and administered by means of a stomach tube; the volume of solution given 
to each rat was always less than 6 cc. and was usually of the order of 2 cc. or less 
All the rats that survived were observed until it was certain that they had fully 
recovered their weight and were gaining normally (usually about two weeks). 

The method described by Litchfield and Wilcoxon * was used for the statistical 
determination of the lethal dosage levels; these results are summarized in table 2. 
It is evident that the acute oral toxicity of bis(parachlorophenoxy) methane is 
quite low. 

Compound Fed in the Diet for Forty-Nine to Fifty-One Days.—The modified 
Sherman diet, which has been used successfully for several years in this laboratory 

2. Draize, J. H.; Woodard, G., and Calvery, H. O.: Methods for the Study 
of Irritation and Toxicity of Substance Applied Topically to the Skin and Mucous 
Membranes, J. Pharmacol. & Exper. Therap. 82:377-390, 1944, 

3. Litchfield, J. T., Jr., and Wilcoxon, F.: A Simplified Method of Evaluating 
Dose-Effect Experiments, J. Pharmacol & Exper. Therap. 96:99-113, 1949, 
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as the stock ration for rats, served as the control and basic diet in this experiment. 
The following ingredients were used in the preparation of this stock diet: 


Per Cent 
by 
Weight 
Whole wheat, freshly ground 
Dried whole milk. 
Dried extracted liver 
Dried yeast ‘ ‘ 5 
lodized table salt. 2 
Calcium carbonate 1 


The experimental diets were prepared by thoroughly mixing finely ground bis- 
(parachlorophenoxy) methane with the stock diet on a “per cent by weight” basis. 
No diet preparations over a month old were used 

Male white rats from the stock colony of this laboratory were used in this 
investigation. These animals were the progeny of rats obtained in 1938 from the 
Wistar Institute. Five rats were caged together, and wire bottom cages were used 
These animals were fed from aluminum hoppers, which were weighed and refilled 
three times a week. Each rat had access to food and water at all times. 

The rats were maintained on the stock dict from the time of weaning until they 
were about 2 months of age, when they were divided according to body weights into 
well matched groups and started on the experimental diets. Groups of 5 rats each 
were started on diets containing 0.1, 0.3 and 1.0 per cent bis (parachlorophenoxy )- 
methane, and 4 rats were fed a diet containing 3.0 per cent of the test material. Two 
groups of 5 rats each served as controls. 

All the rats were weighed twice a week throughout the course of the experiments 
Records were kept of the body weight, the general appearance and the estimated 
average daily food consumption of each animal. Animals that died during the 
experiment were examined grossly in an effort to determine the cause of death 

After forty-nine to fifty-one days of the diets containing bis(parachloro 
phenoxy )methane, all the surviving rats were starved overnight, weighed, killed by 
decapitation and examined. Certain organs (liver, kidneys, heart, spleeri and 
testes) of each rat were weighed, and tissues of all the animals of each group were 
saved for histopathologic studies. Hematoxylin and eosin-stained sections of 
the following organs were prepared lung, heart, liver, kidney, spleen, adrenal 
gland, pancreas and testis; in addition, sudan I V~stained sections of liver were made. 

The concentration of the urea nitrogen of the blood was determined, by the 
diacetyl monoxime method,* on the control rats and on those that had been restricted 
for forty-nine days to diets containing 1.0 and 3.0 per! cent bis(parachlorophenoxy ) 
methane. 

The daily food intake of the rats fed the 1.0, 0.3 and 0.1 per cent diets was found 
to be from 10 to 20 Gm. per rat. It may be calculated that these rats, weighing 
from 200 to 300 Gm., ingested quantities of bis (parachlorophenoxy) methane of the 
order of 0.3 to 1.0, 0.1 to 0.3, and 0.03 to 6.1 Gm. ‘per kilogram per day, respectively. 
On the other hand, the daily food intake of the rats fed the 3.0 per cent diet was low 
but could not be determined satisfactorily, because the animals wasted a great deal 
by pawing and scratching at the hopper 

Throughout the experimental period the rats restricted to the 3.0 per cent diet 
appeared unkempt and were in obviously poor condition. One was killed on the 
fourteenth day because of an acute pulmonary infection, and the other 3 were killed 


4. Barker, S. B.: The Direct Colorimetric Determination of Urea in Blood and 
Urine, ]. Biol. Chem. 152:453-463, 1944. 
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for examination after being fed the diet for forty-nine days. On gross examination 
the livers of these rats were found to be enlarged and somewhat yellow, with 
distinct accentuation of the lobular markings, and the cut surfaces were quite fatty 
in appearance. Microscopically, in the hematoxylin and ecosin—stained sections, 
numerous small clear vacuoles were found throughout the cytoplasm of the hepatic 
cells; in general the cells in the periphery of a lobule were more severely affected 
than those in the central or the intermediate zone. Except for a more granular 
cytoplasm, no other significant changes were observed in these livers. Examination 
of frozen sections stained with sudan [V revealed many distinct small globules, 
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TIME — DAYS ON EXPERIMENTAL DIET 


Growth curves of male rats on diets containing bis (parachlorophenoxy ) methane. 


stained brilliantly with this fat stain, distributed in the same manner as the vacuoles 
in the paraffin sections. 

No appreciable ill effects were observed on gross examination of the other organs 
from these rats fed the 3.0 per cent diet. The loss of body fat suffered by these 
animals during the course of the experiment is reflected in a slight increase of 
the organ weights in some cases (table 3) when these were calculated on a “grams 
per 100 grams” basis; on an absolute basis the weights of these organs were 
essentially the same as those of the controls. Histopathologic examination of lung, 
heart, kidney, spleen, adrenal gland, pancreas and testis failed to reveal any 
significant changes that could be attributed to the bis(parachlorophenoxy ) methane 
included in the diet of these rats. The average concentration of the urea nitrogen 
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of the blood of the rats fed the 3.0 per cent diet was 27.4 mg. per hundred cubic 
centimeters, compared with 26.8 mg. for the controls. 


The rats receiving the diet containing 1.0 per cent bis(parachlorophenoxy) - 
methane grew erratically during the experimental period (chart), although the over- 
all gain of the survivors was not far behind that of the controls. The 3 rats that 
died during the course of the experiment showed extensive involvement of the liver 
on gross examination. The 2 animals that were killed and examined after forty-nine 
days of the 1.0 per cent diet were found to have livers quite similar in gross and 


microscopic appearance to those found in the rats on the 3.0 per cent diet. Other 


than a slight increase of kidney weight, which was of questionable significance 


Taste 3.—Body Weights and Organ Weights of Male Rats That Survived 49 to 51 
Days on Diets Containing Bis(parachlorophenoxy) methane 


Body Organ Weights, 
Amount of Weight, Gm. per 100 Gm. of 
Miticide Days Gm, Body Weight 
in Diet, on -- - — - 
Per Cent Rat Diet Initial Final Heart Liver Kidneys Spleen Testes 
0.0 . il 49 23 255 0.31 2.56 0.09 0.53 1.15 
1452 7] 227 201 0.38 2.00 0.72 0.46 1.08 
1455 208 0.33 2.49 0.16 0.39 1,10 


Mean 
1404 


2.55 


2.61 


Mil 220 277 0.34 2.68 0.2 Oo” 
1405 BO 205 300 0.31 2.45 0.63 0.20 0.95 
Mean ; 207 278 0.35 2.58 0.71 0.27 1.02 


1419 


Mean 


105 
1456 


Mean 


1400 ).42 
1400 0.87 0.8) O44 1.18 
x-192 49 0.37 0.19 0.48 


Mean : 


(table 3), no appreciable ill effects were observed on gross and microscopic 


examination of the other organs. The concentrations of the blood urea nitrogen 
of these rats averaged 26.6 mg. per hundred cubic centimeters. 

The growth curves of the groups that received the diets containing 0.3 and 0.1 
per cent bis(parachlorophenoxy) methane (chart) were essentially superimposed on 
those for the two control groups. Throughout the course of the experiment these 
rats appeared to be in excellent condition, and so far as could be determined, the few 
deaths that occurred in them were due, as in the control groups, to pulmonary 
infections. 


At autopsy the rats that were maintained on the diet containing 0.3 per cent 
bis (parachlorophenoxy) methane showed slightly enlarged livers (table 3). On 
microscopic examination, essentially the same changes, although much less extensive, 


275 0.34 = 0.00 0.46 1.1 
0.1 50 238 282 0.34 3. 0.71 0.438 0.29 
212 280 O41 273 0.0) 0.29 0.93 
x-100 50 215 300 0.36 261 0.69 0.37 0.89 
4 Mean 287 0.37 2.76 0.70 0.56 0.92 
a 0.3 1443 61 220 203 0.35 2.10 0.78 0.41 1.07 : 
51 223 204 0.32 344 0.76 0.31 1.11 
x-193 225 28 0.39 3.56 0.72 0.48 1.07 
x-106 200 264 0.33 3.39 0.71 0.8 0.98 
ae 27 279 0.35 3.87 0.74 0.44 1.06 
1.0 49 247 290 oss «5.52 0.30 0.39 1.10 
49 213 0.33 4.45 0.80 0.39 1.18 
0 £67 0.36 4.98 0.60 0.34 LM 
be 
3.0 
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were observed in these livers as in those from the rats on the higher dietary levels. 
No other ill effects were noted in the rats that received the 0.3 per cent diet. 

On the other hand, the rats maintained for fifty days on the 0.1 per cent diet 
showed no adverse effects as judged by the same criteria. 


PRACTICAL PROBLEMS OF HANDLING AND USE 


Bis(parachlorophenoxy)methane appears to be one of the least 
hazardous of the agricultural chemicals in use at the present time. No 
health problems should arise under ordinary conditions of handling and 
use of this material, either from skin contact or from spray or dust 
inhalation. 

The data available to date indicate that the possibility of health 
problems arising from residual bis(parachlorophenoxy)methane on 
food is sufficiently remote to warrant large scale field evaluation and 
development of this product. The final resolution of the problem of 
the residue must await the analytic determination of the quantity of 
the material actually present on edible products after spraying under 
field conditions, and the completion of the more extensive chronic oral 
toxicity studies now underway. 


SUMMARY AND CONCLUSIONS 


Experiments on rabbits have shown that bis(parachlorophenoxy )- 
methane is not appreciably irritating to the skin, even on repeated con 
tact, arid that significant toxic amounts are absorbed through the skin 
only when single doses greater than 1.0 Gm. per kilogram of body weight 
are applied for twenty-four hours. 

An LD,, of 5.8 Gm. per kilogram of body weight was obtained in 
acute oral toxicity experiments on rats. 


When the miticide was incorporated in the diet of groups of 5 male 


rats each, a concentration of 0.1 per cent produced no toxic effect over 
a period of fifty days as judged by gross appearance, growth, weights 
of organs and the results of histopathologic examination. Concentra 
tions of 0.3 per cent and greater produced definite intoxication with 
significant changes in the liver. 

It is concluded that no significant health hazards are presented in 
the handling of bis(parachlorophenoxy)methane as an agricultural 
chemical (miticide). The possibility of health problems arising from 
spray residues on edible products is sufficiently remote to warrant large 
scale testing and development. 
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OPTIC ATROPHY FOLLOWING INHALATION OF 


CARBON TETRACHLORIDE 


| ADELAIDE ROSS SMITH, MD. 
Division of Industrial Hygiene and Safety Standards, New York State Department of Labor 
NEW YORK 


LINDNESS developing in 3 workers who had been exposed to the 

vapors of carbon tetrachloride has recently come to the attention of 
the Division of Industrial Hygiene and Safety Standards, New York 
State Department of Labor. Reported observations respecting carbon 
tetrachloride injury of the optic nerve include only one experimental 
study. They are limited essentially to the reports of Wirtschafter,' 
Smyth, Smyth and Carpenter,* Gocher * and Gray.* 

Wirtschafter * in 1933 reported 5 cases in which carbon tetrachloride 
poisoning was observed in men who had been exposed to this solvent in the 
dry cleaning industry. Three of thc men complained of blurred vision or 
spots before the eyes in addition to other symptoms of intoxication. In 
all 5 cases the optic disks showed slight pallor and the color fields 
peripheral constriction. There was complete recovery after five weeks’ 
freedom from exposure. 

Smyth, Smyth and Carpenter * in 1936 investigated the effects of 
carbon tetrachloride both experimentally and clinically. They found 
evidence of fatty degeneration of the optic nerve in 4 guinea pigs and 2 
albino rats which had been exposed to varying concentrations of the 
solvent. Experiments were not continued to the point at which loss of 
vision resulted. Examinations of the eyes of 53 workers who had handled 
carbon tetrachloride in various industries over periods varying from a 
few months to twenty-five years showed a slight restriction of the visual 


1, Wirtschafter, Z. T.: Toxic Amblyopia and Accompanying Physiological 
Disturbances in Carbon Tetrachloride Intoxication, Am. J. Pub. Health 23:1035, 
1933. 


2. Smyth, H. F.; Smyth, H. F., Jr., and Carpenter, C. P.: The Chronic 
Toxicity of Carbon Tetrachloride, Animal Exposures and Field Studies, J. Indust. 
Hyg. & Toxicol. 18:277, 1936. 

3. Gocher, T. E. P.: Carbon Tetrachloride Poisoning, Northwest. Med. 
43:228, 1944. : 

4. Gray, L: Carbon Tetrachloride Poisoning, New York State J. Med. 47: 
2311, 1947. 
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fields in 17 and a definite restriction in 10 when their eyes were tested 
with a simple portable perimeter.* 

Gocher ® in 1944, in an article reporting numerous cases of carbon 
tetrachloride poisoning, mentioned a case in which disturbances of vision 
persisted for at least ten days after exposure had ceased and a case of 
permanent severe visual impairment. No details of ocular examinations 
are given. He said: “Carbon tetrachloride may cause a toxic amblyopia 
and act on the optic nerve causing blindness in some cases.” Gray * 
reported the case of a man who, after eleven years of being exposed to 
carbon tetrachloride in the manufacture of polishes, began to complain of 
blurred vision. Two months later generalized* symptoms of carbon tetra- 
chloride poisoning made their appearance. 

Lehmann and Flury® said in respect to carbon tetrachloride “the 
most important injuries to sensory organs are sight injuries, dimness of 
vision and curtailment of the field of vision.” 

With this brief review as background, 3 cases are presented. 


REPORT OF CASES 


Case 1.--G. M., aged 32, was employed from October 1936 to March 1938 
in a plant making automatic razors. His duties consisted in the inspection, grinding 
and buffing of the cutting heads of the razors after they had been case hardened. 
The cutters were dipped in a small can of “cleanser” composed of a mixture of 
gasoline and carbon tetrachloride. They were then spread on a cloth under a 
lamp in front of him for inspection. 

After about four months of this work he began to notice spells of headache and 
dizziness which he associated with the inhalation of solvent vapors. After approxi- 
mately sixteen months’ exposure he complained of weakness, irritability, nausea and 
cramps of the legs and the fingers. He also reported periods of mental confusion, 
disorientation, loss of memory and an episode of speech difficulty on one occasion. 
Finally, in March of 1938, blurring of vision caused him to consult a physician, 
who referred him to the Eye Institute of the Presbyterian Hospital. Here 
examination of his eyes was recorded as follows: “Both pupils are dilated and 
regular in outline. The left does not react to light directly but shows good reaction 
consensually and is slightly larger than the right pupil. On the left visual acuity is 
zero; on the right, reduced to counting of fingers. The peripheral fields are 
moderately contracted. Both disks have indistinct margins and are slightly 
elevated.” 

The general physical examination gave negative results, as did the neurologic 
examination, except for the ocular condition. The nose and throat appeared normal. 
Dental examination revealed no foci of infection. All laboratory work, including 
the blood count, determination of the sedimentation rate, Wassermann and tuberculin 
tests, and examination of the urine, as routines, and tests for lead and arsenic, 
produced negative results. Allergy tests showed nothing of importance. The blood 


5. Fields were considered definitely restricted and probably abnormal when 
there was restriction toward the bottom and-the outer edge of 30 degrees or more. 

6. Lehmann, K. B., and Flury, F.: Toxicology and Hygiene of Industrial 
Solvents, translated by E. King and H. F. Smyth, Jr., Baltimore, Williams & 
Wilkins Company, 1943. 
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chemistry was normal. Roentgenograms of skull, sinuses, teeth and chest disclosed 
nothing of significance. 

The patient remained in the hospital for three weeks and then left against 
advice. His vision continued to fail until, at the time of discharge, it was nil in both 
eyes. The final diagnosis was optic neuritis, bilateral, cause unknown. Subsequently 
some sight returned, and the visual acuity in April 1945 was, right, 20/200, left, 


20/160. There were no residual symptoms or signs of systemic intoxication at this 
time. 


Case 2.—F. B., aged 39, had been employed for eight years in a dress-manufac- 
turing establishment. Her duties consisted of inspecting and tagging finished gar- 
ments. When spots were discovered, she would remove them with a solvent consist- 
ing of 20 per cent carbon tetrachloride, 80 per cent petroleum naphtha and a small 
amount of liquid soap. 

About June 8, 1947 she began to notice blurring of vision in her left eye. New 
glasses did not effect any improvement in the condition. 

On June 18 she entered Montefiore Hospital for study and treatment. General 
physical examination gave essentially negative results, and laboratory data were 
unrevealing. 

The eyes showed marked constriction of the visual fields with scotomas. The 
disks showed some elevation and blurring. 


A diagnosis of retrobulbar neuritis 
was made. 


The patient was given intravenous injections of typhoid vaccine, which were 


followed by several good febrile responses, with almost complete clearing of the 
visual defects. She was discharged, improved, on July 13. 


Case 3.—-M. C., aged 50, was employed for eight months as an electrician in an 
alumiaum extraction plant. During the first five months he worked at installing 
“bus Yars” made of, silver for the transmission of electric current. Carbon tetra- 
chloride was used constantly to clean these silver bars. It was kept in “kerosene” 
cans of about | gallon (about 4,000 cc.) capacity and poured from these onto rags 
as needed. M. C. stopped working for this company on Sept. 15, 1943, and a week 
later he noticed that vision was “poor” in his right eye. He went to various 
physicians for treatment, without improvement, and a few months later noticed 
that vision. was impaired in the left eye, also. 

He was admitted to the Brooklyn Jewish Hospital on Jan. 10, 1944, for com- 
plete study. His medical history was essentially irrelevant except that he had 
suffered from headaches for several years, with occasional vomiting when the head- 
aches were severe. The physical examination gave negative results. Ophthalmologic 
examination revealed marked optic atrophy of the right eye and a receding choked 
disk of the left eye. In both eyes vision was less than 20/200 uncorrected and 
20/100 corrected. 


Roentgenograms of the skull and the sinuses, an encephalogram and a spinal 
tap revealed no abnormality; the colloidal gold and Wassermann tests disclosed 
no syphilis. The urinalysis and the blood count revealed nothing of note. Blood 
sugar and urea nitrogen determinations showed no abnormality. 

The final impression was that the patient had postneuritic atrophy of the right 
eye and neuritis of the left eye. 


The medical consultant could not account for the 
optic atrophy. 


The patient was discharged unimproved on Feb. 10, 1944. He was 
subsequently examined at several other hospitals, with similar negative results, 
except for the ocular condition. His ocular examination in July 1947 showed with 
correction a vision of 20/100 in the right eye and 20/70 in the left eye. 
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The literature on the subject of carbon tetrachloride and the eyes, 
while meager, nevertheless appears to establish the possibility of injurious 
effects on the optic nerve. Toxic amblyopia, pallor of the disks, bilateral 
constriction of the visual fields and, experimentally, fatty degeneration 
of the optic nerve have al! been reported. 

The 3 cases of optic atrophy following inhalation of carbon tetra- 
chloride presented here are therefore of particular interest. In the first 
case, constitutional symptoms characteristic of carbon tetrachloride 
poisoning had definitely preceded the failure of vision. In the second case 
there was a definite history of exposure preceding the onset of the 
impairment of vision, but no clinical evidences of systemic poisoning 
were recorded. In the third case the clinical history is less definitely 
related to the exposure in point of time. All 3 patients, however, 
were known to have been exposed to considerable amounts of carbon 
tetrachloride, and no other etiologic agent was ever discovered to 
account for the ocular conditions. 

It is well to bear in mind the fact that the individual responses 
evoked by inhalation of carbon tetrachloride are known to be varied and 
unpredictable. In a case reported by Gray * the impairment of vision 
preceded by two months other symptoms of poisoning in a man who 
remained at work during this interval. 


SUMMARY 


This paper presents 3 cases of optic atrophy occurring in workers 
exposed to carbon tetrachloride. 


Dr. Morris Davidson critically reviewed the cases reported in this paper. 


Rockland State Hospital. 
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Abstracts from Current Literature 


General 


Lure and DeatH BY THE Minute. C. P. McCorp, Indust. Med. 17:377 (Oct.) 
1948. 


According to McCord, the train dispatcher who directs the locomotive engineer 
and who issues all train orders, shoulders the supreme load of the safe operation 
of railroad trains. Most dispatching is done with open circuit telephortes with 
loudspeakers or earphones. 

At the age of 30, and for the period of this investigation, the life expectancy 
for all men was an additional 35.94 years, a total length of 65.94 years. The 
average age at death for train dispatchers is 50.1 years. Death is caused mainly 
by premature heart disease. The difference of 15.84 reflects a tremendous waste 
of life. Although few train dispatchers have entered that work when younger 
than 30 years, it has been established that only about 22 per cent are 55 years or 
older. The ratio between the decades of 40 to 49 years and 60 to 69 years is 
1 to 6.3. In the case of train dispatchers, this ratio is 1 to 1.9. Thus it appears 
that the train dispatcher’s decease comes early. The train dispatcher stands at 
the top of the column of frequency of disability before normal age retirement. 

The train sheet is the ledger for train movements, sometimes 3 by 6 feet (about 
1 by 2 meters) in size. This sheet is ruled into thousands of rectangles for train 
items. As messages come the dispatcher records them hastily by moving his pen 
in every direction. The result is an almost microscopic uncontrollable twitching 
of the eyeballs. Of 121 dispatchers examined, 67 presented this anomaly. 

Previously 56.2 per cent of dispatchers ranked as aural cripples. Partly for 
the conservation of hearing, there came the shift from the telephone headset to 
the loudspeaker. 

The rest is psychosomatic, The overpunished brain causes diaster in all organs 
and systems. The dispatcher exceeds physiologic limits long before an eight hour 
day is completed. For him a shortened work shift is bespoken. Remaining ear- 
phones should give way to volume-controlled loudspeakers and white train sheets 
should be replaced by “eye ease” paper in “off white” tints. A glare on white 
introduces eye strain, causing fatigue. Adoption of automatic dispatching will 
outmode the unwanted train sheet 


EMPLOYMENT OF HyYPERTENSIVES IN INDUSTRY. Everett W. Prosst, Indust. Med. 
18:462 (Nov.) 1949. 


The industrial performance and accident records of 89 persons known to have 
arterial hypertension are compared with those of an equal number of persons 
employed who did not have this condition in similar work. The incidence of 
accidents in the small group with arterial hypertension is significantly less than 
that in the well group. The findings reported here, in conjunction with cited 
previous studies and the quoted opinions of leading cardiologists, indicate that 
persons whose blood pressures are above the usual arbitrary normal levels are 
good industrial risks and that many of them can serve industry satisfactorily over 
long periods. It is suggested that the so-called normal levels of blood pressure 
for preemployment industrial examinations be revised upward. 


From tHE AuTHOR's SUMMARY. 
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FarM REHABILITATION IN SouTH CAROLINA. MARTHA STEADMAN, J. Reha- 

bilitation 14:7 (Oct.) 1948. 

Steadman points out that farm rehabilitation is important work in South 
Carolina, over 900,000 of an approximate 2,000,000 population being engaged in 
farming. Farming has a higher accident rate than any other industry, and this, 
plus the fact that the average farm income is notoriously low, makes the farmer a 
frequent client of vocational rehabilitation. 

Twenty-six per cent of all the disabilities of farmers on the rolls of rehabilita- 
tion for the first three quarters of the past fiscal year were orthopedic disabilities, 
most of them caused by accidents. 


The author presents cases which illustrate the importance of rehabilitation among 
the farm population. 


RECENT. DEVELOPMENTS IN THE FieLp or Epucation In INDUSTRIAL MEDICINE 
E. W. Brown, South. M. J. 42:591 (July) 1949. 


Brown shows that the Council on Industrial Health of the American Medical 
Association takes the position that occupational medicine should be officially recog- 
nized as a part of the standard undergraduate curriculum. The medical graduate 
should be fully aware of the possibility that the occupation of his patient has some 
bearing on the illness under consideration and that the treatment is not completed 
until the patient is restored to earning capacity. This implies some skill in the 
search for an industrial factor and the appraisal of the occupational history. The 
physician should be sufficiently informed to cope with those problems of industrial 
medicine which may arise in the course of general practice. Such a small fraction 
of medical graduates will become specialists in this branch that there is no occasion 
for more than general orientation in the field. 

The Council on Industrial Health and the American Association of Industrial 
Physicians and Surgeons in recent years have collected data by the questionnaire 
method on the curriculums in industrial medicine in‘ American medical colleges but 
have found this manner of exploring the subject inadequate. The 


writer was 
assigned to conduct a survey by means of direct conferences with faculty personnel 


of medical schools. The objectives of the survey were as follows 


(1) to bring 
about adoption of adequate courses of instruction where none are listed and (2) to i 


develop existing deficient instruction to an adequate level. It was hoped that by 
thus promoting and stimulating education in this field the survey might propagate 


universal recognition of industrial medicine as an accepted segment of the medical 
school curriculum. 

The survey covered 36 of the 70 approved medical schools. In 4 of the 36 
schools no time was devoted to instruction in industrial medicine; in the other 
32 the time alloted varied. 

The general design of instruction in these 32 schools is a number of formal 
lectures supplemented or not by field instruction. The latter includes visits to 
medical departments of industrial concerns and to state or city industrial hygiene 


agencies and attendance on workmen's compensation board proceedings. Amphi- 
theater and ward clinics in occupational diseases are also included in this category. 

The author further discusses residencies and fellowships in occupational medicine 
and also postgraduate developments in this field. 


He describes the institutes estab- 
lished for this purpose at several medical schools 


Tue 


Doctor’s Rote rm Inpustry. J. H. Gowtanp, M. J. 


Australia 2:83 
(July 16) 1949. 


Gowland shows that there are many aspects of industrial medical practice, and 


he deals with them under the following five headings: (a) the basic concepts of 
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industrial medical practice, (b) the work confronting a physician in industry, 
(c) the qualifications of the industrial medical officer, (d) the trend of industrial 
medical practice in Great Britain and (¢) some thoughts on the development of 
industrial medical practice in Australia. 


Mepicat Examination or 500 Arrican Rarrway Workers. H. C. Trowett, 
East African M. J. 25:311 (Aug.) 1948. 


The 500 railway workers examined by Trowell were Africans. Almost none 
would volunteer any statement concerning ill health, as there was much fear that 
those found unfit might be discharged. Special attention was paid to those portions 
of the body which might be considered to show signs of malnutrition, but a full 
clinical examination was made of skin, mouth and teeth, eyes, ears, lungs, heart 
and blood pressure, abdomen and nervous system. From a few unselected patients 
blood was obtained for detailed studies. If the blood was taken at the end of the 
clinical examination, few refused this, but the procedure was obviously under 
suspicion and was performed on few workers. No attempt was made to examine 
urines and stools for fear of arousing opposition and also because the records of 
the Medical Research Laboratory, Nairobi, gave a fair indication of the incidence 
of helminthic infection in the African population. 

Nearly all employees looked thin, but it is rare ever to see a stout African 
Little food is usually taken before leaving home in the morning, although some 
drink tea or water. Protein deficiency is unlikely to occur among persons who, 
ike the railway workers, eat cereals and from 1 to 2 pounds (about 450 to 900 Gm.) 
of meat weekly. However, those who, like many tribes in Uganda, rely on tubers 
and fruits, such as plantains, potatoes, yams and cassava, to satisfy hunger, must 
consume a diet low in protein. Some of the results obtained in the clinical 
examination of the Uganda trainees of the Transportation School may reflect 
protein deficiency. 

Discussing vitamin deficiencies, the author gives particular attention to what 


are usually regarded as manifestations of vitamin’ A deficiency. Xerophthalmia 


and follicular keratosis were fairly frequent. 

Little evidence of riboflavin deficiency was seen, and clinical signs of pellagra, 
which would indicate nicotinic acid deficiency, were rare. 

No case of scurvy was encountered, and the author mentions the possibility that 
the Africans need less ascorbic acid than other races. Caries of the teeth is rare. 

Fifteen, or 3 per cent, of the 500 employees were absent at the time of the 
clinical examination, owing to alleged sickness, but it is impossible to give a true 
estimate of the amount of sickness and the precise causes of sickness. In the 
“dispensary of a locomotive shed,” minor respiratory infections predominated, 
while malaria and tropical diseases appeared to be of little importance. The 
epidemicity of malaria in Nairobi is such that railway employees seldom contract 
an attack except during epidemics. Nairobi is in the Kenya Highlands and this 
result is only to be expected. It is difficult to know how far the heavy incidence 
of helminths and intestinal protozoa is responsible for ill health. 


Centrat Mininc—Ranp Mines Group. Heatta DeparTMENT, REPORT FOR 
tHe Year 1948. By A. J. Orenstern. Pp. 17. Johannesburg, South Africa. 
The report includes 12 tables and 6 pages of statistical data on morbidity and 
mortality, 2 charts and a large map of the Witwatersrand goldfields. 
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Occupational Diseases and Hazards 


Present Status of ALUMINUM IN THE THERAPY AND PROPHYLAXIS OF SILI- 
costs. Ernest W. Brown and Watton Van WINKLE Jr. J. A. M. A 
140:1024 (July 23) 1949. 


Studies on the therapy of silicosis thus far have been inadequately controlled. 
The majority of subjects have reported subjective improvement, apparently of 
psychic origin. No convincing evidence of objective improvement either of pul- 
monary function or of roentgen findings has been forthcoming. Certain cases 
have shown eventual progression by roentgenogram subsequent to aluminum 
therapy under present conditions of dosage. 

It is too early to expect evidence of the effectiveness of aluminum prophylaxis 
in men who did not have a history of exposure to silica dust prior to the beginning 
of the treatment. It is a fact that certain Canadian miners with a history of 
previous exposure have shown roentgenologic progression despite treatment with 
aluminum, although statistical data are not as yet available. 

Aluminum is apparently not harmful to the normal or silicotic human lung 
in the dosages given for the therapy and prophylaxis of silicosis. Whether or 
not it increases susceptibility to tuberculosis is unproved. So far as can be 
ascertained the mass administration of aluminum in the United States and Canada 
over the past five to six years has not had an unfavorable effect in this respect, 
although again statistical data are not yet provided. However, great care should 
be taken to exclude the tuberculous in selecting persons to receive aluminum 
therapy. 

It is believed that a scientifically controlled experiment for the evaluation of 
aluminum in the prophylaxis of silicosis is not feasible in industry. This fol- 
lows from the uncontrollable variables inherent in the industrial situation and 
other factors which have been discussed. For these reasons, it appears improbable 
that any research agency would consider it advisable to undertake such a project 
except under special conditions already discussed, and which may not be attainable 

The McIntyre Research Foundation, as presently organized, is not equipped 
to solve the aluminum prophylaxis problem in relation to silicosis. The steps 
considered necessary to accomplish this objective are outlined. 

Research should be continued with laboratory animals in the expectation of 
finding a more adequate basis for application to man. Such study is now included 
in the program of the Saranac Laboratory of the Trudeau Foundation. 


From tHe Autnors’ SUMMARY. 


RADIODERMATITIS OF THE Lip Arrer Exposure to Arc WELDING. S. VERNON, 
J. A. M. A. 140:1333 (Aug. 27) 1949. 


Vernon reports on 2 patients, each with a lesion of the lower lip. One patient 
had been working as a shipfitter for three and a half years, necessitating 
his reading blueprints among arc welders. The other patient had been a part 
time helper in a welding shop for ten years. Their faces had been exposed to 
the radiation from arc welding. The lesions were excised, and the wounds healed 
without event. 


R. J. SuHerwoop, Brookline, Mass. 


PNEUMOCONIOSIS AMONG WORKERS IN A PLANT ENGAGED IN GRINDING SYNTHETIC 
ABRASIVE MATERIALS. ApELAIDE Ross Smita and E. Perna, 
Monthly Rev. New York State Dept. of Labor 28:29 (Aug.) 1949 
A brief review of the literature is followed by a report of a roentgenologic 

study, with dust counts, of workers and their jobs in preparing coarse carborundum, 
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(SiC, and synthetic alumina (AlLO;), used in making abrasive wheels. The authors 
conclude that synthetic abrasive dusts in high concentrations may produce 
pneumonoconiosis with SiC somewhat more implicated than A1l.Os. 


R. J. SHerwoop, Brookline, Mass. 


Tue PropLem or Putmonary Tusercutosis 1n Inpustry. F. J. Biirmorta, 
Proc. Soc. for Study Indust. Med. (Jamshedpur, India) 1:57 (June) 1949. 


ANTHRACOSILICOSIS AND Irs Symptromatic TREATMENT. B. Gorvon, H. L. 
Motrey, P. A. Treovos and L. P. Lanp, West Virginia M. J. 45:125 
(June) 1949. 


Anthracosilicosis is a progressive pulmonary fibrosis, with conglomeration of 
nodules in the advanced stages, caused by inhalation of carbon and silica and char- 
acterized clinically by dyspnea, with varying degrees of disability. 

The characteristic physical signs include an increase of the anteroposterior 
diameters of the chest, elevation of the ribs and a preponderance of the abdominal 
type of breathing. A feature suggestive of the emphysema is the lowered diaphragm, 
with diaphragmatic excursions limited even during forceful respirations. The 
percussion note varies in degree of hyperresonance. Rales also are variable, the 
most characteristic being the musical type heard during forceful expiration. 
The breath sounds may be exaggerated and vesicular or breezy in type. If tuber- 
culosis is associated with anthracosilicosis, there is lagging of the respiratory 
excursions over the affected area, with impaired percussion note, exaggerated breath 
sounds and fine or coarse rales. Clubbing of the fingers is not uncommon, especially 
in advanced cases with associated bronchiectasis. 

The physical signs do not always disclose the extent of the underlying disease. 
There is frequently a considerable discrepancy between the severe roentgenologic 
changes and the slight physical signs until, after a number of years, an intercurrent 
infection or failing of the pulmonary circulation accentuates the underlying disease. 
Coal miners are especially susceptible to tracheobronchitis and localized pulmonary 
congestion. With these complications, the breath sounds and rales may become 
accentuated, a change probably related to the fact that secretions are being retained 
in the smaller bronchi. In some instances the signs are exaggerated after long- 
continued rest in bed, owing, possibly, to gain in weight, faulty breathing and 
physical deterioration such as that which occurs in athletes on vacation from 
systematic training. 

Dyspnea may be expected in nearly 90 per cent of coal miners with moderately 
advanced or far advanced anthracosilicosis. Fever, loss of weight, profuse expec- 
toration and rapid pulse are not uncommon in superimposed pulmonary tuberculosis 
and may become more prominent than dyspnea. 

The nature of the impairment of breathing in anthracosilicosis has been studied 
in over 150 anthracite and 25 bituminous coal miners with respiratory complaints 
attributed to their having been exposed to dust inside coal mines for twenty to 
forty years 


Analysis of expired air revealed that in the majority of coal miners the oxygen 
removed per given volume of air breathed was decreased from the normal level. 
In some subjects, particularly those with an advanced degree of pulmonary 


emphysema, the amount of oxygen removed from a given volume of air breathed 
during exercise was less than that during rest, whereas in normal persons the 
amount of oxygen removed during exercise was increased as compared with that 
during rest. 
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It is considered that the decreased efficiency for oxygen uptake and carbon 
dioxide removal is primarily related to distrjbution, as it affects the pulmonary 
circulation. Some alveoli may be perfused with blood, but, owing to the fibrosis, 
no aeration of the alveoli occurs. 

The principal disturbance of the cardiovascular system of the patient with 
anthracosilicosis is the chronic hypertension that develops in the pulmonary circula- 
tion. This results in gradual hypertrophy of the right ventricle with eventual heart 
failure. The investigation of the factors responsible for the right heart strain was 
directed toward 148 miners, and the results are briefly described. 

Effective treatment of anthracosilicosis requires careful management of the 
associated medical and surgical conditions. The authors warn against unduly 
prolonged rest, pointing out that exercise is valuable in maintaining the general 
health and that it facilitates the resolution of intercurrent infections. The extent of 
exercise should be regulated according to the amount of dyspnea and the pulse 
and respiratory rates. Increased discomfort and the accelerated pulse and respira- 
tion call for limitation of activities; stair climbing and rapid walking, especially 
against the wind, should be avoided. 

In prescribing drug treatment for anthracosilicosis, it should be remembered 
that expectorant drugs and sedatives are in most cases more disturbing than 
effectual. In failure of the circulation, digitalis, theobromine derivatives and the 
mercurial diuretics may be employed. 

Intermittent positive pressure breathing has been used in more than 400 coal 
miners, 200 having been studied physiologically before the treatments were insti- 
tuted. This form of breathing causes, in most instances, a lowering of the mean 
oxygen gradient of pressure from alveoli to arterial blood by providing a more 
uniform alveolar a¢ration, particularly in patients without a significant degree of 
pulmonary emphysema. In addition to this mechanism of facilitating alveolar 
aeration, intermittent positive pressure breathing promotes bronchial drainage, with 
expectoration being increased during the first seven to ten days. Although inter- 
mittent positive pressure breathing is not a cure for anthracosilicosis, in about 60 per 
cent of the cases of advanced disease definite symptomatic relief can be expected when 
100 per cent oxygen is employed. In the cases of less severe type the improvement 
in pulmonary function permits the miner to return to work. In the latter group 
it has been found advisable to provide one treatment daily before or after work. 

Diaphragmatic elevation also maybe helpful in the symptomatic treatment of the 
miner with anthracosilicosis. The wearing of a special type of abdominal supporter 
will, by abdominal compression, elevate the diaphragm, sometimes to the position 
of expiration. In the higher range the movements of the diaphragm are more 
effective physiologically. In not a few instances there is a striking improvement 
in breathing, as well as a reduction of cough, due perhaps to the facilitated moving 


of air in and out of the lungs. In combination with intermittent positive pressure 


breathing, diaphragmatic elevation apparently improves aeration and the drainage 
of the secretions accumulated in the dependent parts of the lungs. 


DIAGNOSIS AND TREATMENT OF CUTANEOUS ANTHRAX. J. A. Hotcare and 
R. A. Hotman, Brit. M. J. 2:575 (Sept. 10) 1949, 
Anthrax, whether in man, contracted from wool and hair, or in animals, is 
largely controllable, but there still remains a further common source of infection 
namely, imported hides and skins. These give rise to anthrax not only in 
tannery employees but also in dock workers, carters and warehousemen, and very 
occasionally in persons coming in contact with leather. Methods aimed at killing 


the hardy spores in the hides tend to damage the material, and though suitable 
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ilisinfecting processes have been claimed by Seymour-Jones, of Wrexham, Wales 
(and advocated by Ponder), and by others in Germany, they have not been 
adopted. The authors describe 8 cases of anthrax occurring in two tanneries in 
Leeds and district in a period of fourteen months. 

In all 8 cases the infection was of the cutaneous type, and all the patients 
were men doing essentially the same tasks at two different tanneries (named 
for convenience A and B) in widely separated areas. At tannery A the workers 
deal mainly with goatskins coming principally from East and West Africa. All 
6 patients from this tannery were employed opening the bales of skins, carrying 
the skins up to a sorting shed, sorting them and then sending them down a chute 
to the lime yard. As one man after another fell victim, other men took their 
places, and eventually these too became patients. Of the 7 different men under- 
taking these tasks during the past fourteen months, 6 have contracted anthrax. 

At tannery B the workers deal with cowhides imported chiefly from East and 
West Africa, though occasionally from South America and India. All these are 
dry hides, as opposed to the wet salted variety, which rarely give rise to infec- 
tion. The duties of the men at this tannery are precisely the same as those at 
tannery A. 

At both tanneries the full regulations as laid down in various legislative 
acts are carried out, the men wearing protective clothing, and washing facilities 
and changing rooms being provided., 

All cases presented the classic malignant pustule, and in all the diagnosis had 
been made by the patient or a fellow workman—frdm their knowledge of the 
disease obtained by experience or from a poster hung in the factory—and never 
by a physician. In some cases hospitalization was delayed by the physician. 

Methods of treatment, past and present, are briefly given, and the conclusion 
is reaghed that, for all practical purposes, penicillin is probably the most desirable 
agent Available today—frdm the point of view of effectiveness, length of hospital 
stay, expense and unpleasant side actions. 


Reaction to Dioxipe in PNeEuMocoNiosis or CoaAL Miners. K. W. 
Donato, Clin. Sc. 8:45, 1949. 


Donald points out that pneumonoconiosis is frequently associated with emphy- 
sema and that the usual respiratory tests, such as vital capacity, maximum breath- 
ing capacity, exercise tolerance and lung volume determinations, are considerably 
affected by both diseases. In some cases it is impossible to state whether the 
emphysema is secondary or coincidental, or to what extent it is responsible for 
the respiratory disability. In view of this confused picture and the fact that an 
impairment of reaction to carbon dioxide has been demonstrated only in emphysema, 
the author studied reactions to 4 per cent carbon dioxide in 56 patients with 
pneumonoconiosis. 

Discussing his observations, the author says that a number of severely impaired 
reactions to carbon dioxide were found in miners with little or no pneumonoconiosis 
but with severe emphysema. Three of the patients had not been certified as hav- 
ing pneumonoconiosis, although they were severely dyspneic and had worked under- 
ground for thirty-eight to forty years. Eleven of the 13 subjects who gave impaired 
reactions to carbon dioxide had clinical and roentgenologic evidence of emphysema. 
Only 6 of the 34 pneumonoconiotic patients with a normal reaction had clinical or 
roentgenologic evidence of emphysema, and in none of these was this evidence 
marked. Patients whose pneumonoconiosis was complicated with heart failure, 
nephritis and neurasthenia all gave normal reactions. 
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These observations in a disease in which pulmonary fibrosis and emphysema 
so frequently coexist are further evidence that an impaired reaction to carbon diox- 
ide is obtained only if true emphysema is present. Although the incidence of 
emphysema, with impaired reaction to carbon dioxide, increases in those severely 
disabled by pneumonoconiosis, it must be emphasized that a considerable number 
of miners were extremely dyspneic with no signs of emphysema and a brisk reac- 
tion to carbon dioxide. If one accepts carbon dioxide tolerance as a specific test 
for emphysema, these results indicate that in many cases of pneumonoconiosis 
the dyspnea is not due to emphysema. 

The disability of miners without emphysema (as judged clinically, roentgeno- 
logically and by their reaction to carbon dioxide) appears to be little related to 
the severity of the pneumonoconiosis, and this suggests that some other factor, 
which cannot be appreciated by roentgenologic examination, is involved. 


Non-Eczematous Industrial Dermatitis. J. Summons, M. J. Australia 
2:202 (Aug. 6) 1949. 


Summons stresses the importance of a wider conception of the term “indus- 
trial dermatitis,” including some of White's “dermatogoses,” such as dermatitis 
resulting from ultraviolet and infra-red irradiation and from exposure to radia- 
tion from radium and x-ray machines in the course of work. 

Chronic solar dermatitis is a real problem for outdoor workers in their later 
years, occurring generally in fishermen and farmers. A fisherman had chronic 
solar dermatitis on the dorsal surfaces of his feet as a result of the habit of not 
wearing shoes or socks while on the job. Other examples are the recorded cases 
of alpine guides who showed the effects of reflected ultraviolet irradiation on the 
submental skin. 

The arc welder is exposed to intense ultraviolet radiation sources and may 
show the effects as an occupational disease, although his employment has always 
been indoors. 

The possible cosmetic effects of prolonged exposure to infra-red rays must 
be considered if one recalls the case of a ship’s fireman who had a bizarre pig- 
mentation of the erythema ab igne type over the front of the chest and the neck. 
Although there was no physical disability, the constant jibing by his fellow fire- 
men was having a most unfortunate effect on his mental outlook. 

Although the effects of radium and x-ray machines are becoming rare as an 
occupational condition, radiodermatitis is an occupational hazard. The possibility 
that skin may be damaged by the beta and gamma radiations from the radioactive 
isotopes coming into general therapeutic and investigational use must be 
remembered. 

Another important and disabling group among the dermatogoses are the 
involvements of the nails. Onycholysis is frequently seen in washerwomen and 
others doing much wet work in which trauma is applied to a nail which already 
has a sodden and damaged nail bed. The process of “fleshing” the furs, that 
is, separating the dermis from the epidermis, causes a seasonal epidemic of loos- 
ening of the nails in men in fur-producing countries. Multiple perionychias may 
be seen in the food-canning industry. The condition is much commoner in 
those processes in which sodium hydroxide (caustic soda) is added to the wash- 
ing water to facilitate the peeling of fruit or vegetables. The sodium hydroxide 
has a softening action on the keratin of the cuticle and makes possible both bac- 
terial and saccharomycetic penetration. Women seem more susceptible than men 
to perionychias. 
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Occupational inflammations of the skin occur which are due to parasites, such 
as animal ringworm in farmers, grooms and kennelmen. Mites constitute a defi- 


nite occupational hazard, as, for instance, the causal mite of grain itch in a wheat 
cargo ship 


Inoustrian Dermatitis. E. Rosanove, M. J. Australia 2:194 (Aug. 6) 1949. 


Resrrratory Disease: AN Inpustriat Hazarp. A. T. Dore, Glasgow M. J. 
30:235 (July) 1949. 


Doig reviews the present status of knowledge of the respiratory disorders caused 
by industrial dusts, pointing out that dusts met with in industry may produce a 
wide variety of reactions in the respiratory tract. Mineral dusts may give rise to 
pneumonoconiosis, which exists in three main forms, distinguished from the patho- 
logic point of view by fibrosis or by focal emphysema or by an absence of any 
tissue reaction. The fibrotic pneumonoconioses exist in two main forms, one in 
which the fibrosis is dense and nodular, as in silicosis, and one in which the fibrosis 
is diffuse, as in asbestosis. Other conditions resulting from the inhalation of 
mineral dusts include pneumonitis, immediate or delayed, cancer of the lung and, 
rarely, asthma. 

Vegetable dusts are in general less irritant than mineral dusts, but considerable 
further research is required to elucidate their toxic potentialities. Similar condi- 
tions, which may be grouped under five main headings—mill fever, acute and sub- 
acute infections, Monday fever, chronic bronchitis and emphysema, and acute 
(allergic) asthma—are caused by a large number of the vegetable dusts. Some of 
these, especially those in the chronic bronchitis and emphysema group, have no 
features which distinguish them clinically or pathologically from similar nonoccu- 
pational illness. 


Animal dusts comparatively rarcly produce diseases of the respiratory tract, 
although asthma or hay fever may occur in sensitive persons, and infections of the 
respiratory tract—for example, pulmonary anthrax—may be produced. 


Stupy or ,Siiicosis Duz tro Dust or Diatomaceous Eartu. E. C. 
ViGtiani and L. Peccutat, Med. d. lavoro 40:33 (Feb.) 1949. 


The authors experimented on two different lots of guinea pigs, giving each lot 
single intraperitoneal injections of a dust of diatomaceous earth, crude in the case 
of one lot and calcined for three hours at 1250 C., aq for filter candles, in the case 
of the other. The animals were killed one month after the administration of the 
diatomite dust. No macroscopic changes were encountered in the peritoneum and 
the intraperitoneal organs of the animals which had received the injection of crude 
diatomite dust, whereas diffuse epitheloid granulomatous and fibrotic reaction was 
encountered in the peritoneum, the spleen, the liver, the mesentery and the lower 
aspect of the diaphragm of the animals which -received the injection of calcined 
diatomite dust. The authors show by means of illustrations the histologic aspect of 
the granuloma produced by intraperitoneal injection of ‘calcined diatomite dust 
The results of this experiment confirm the report of Vigliani and Mottura (Brit. 
!, Indust. Med., July 1948) on the definite role of ignited diatomite in causing 
malignant silicosis among makers of filter candles. The reason for the different 
results from the contact with crude and with ignited diatomite lies in the fact 
that ignition transforms crude diatomite into microcrystalline cristobalite, which 
has potent silicotic properties. 
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Late S1Licosis A SANDBLASTER. G. Satta, Med. d. lavoro 40:37 (Feb.) 1949 

A man worked for only seven months as a sandblaster, when he was 31 years old. 
Twelve years later, when he was 43, he complained of acute respiratory symptoms 
In the course of the next three years these became acute. When examined, at the 
age of 46, he showed clinical symptoms and roentgen appearances of diffuse nodular 
coalescent silicosis. The author points out the possibility of a delayed onset of 
silicosis, the patient presenting symptoms several years after a short period of 
working in a dusty industry. He also points out the medicolegal need of a revision 
of the Italian laws concerning industrial compensation, a revision that would abolish 
all restrictions connected with time limits. 


Stupy oN SEROFUNCTIONAL CHANGES IN PATIENTS WITH SILICOSIS 
Med. d. lavoro 40:73 (March) 1949. 


A. 


S0SELLI, 


Silicosis is a frequent cause of changes of the lability of blood serum colloids. 
The author found that the turbidity and flocculation tests simultaneously carried 
out in cases of silicosis result in the appearance of any of three types of “constella 
tions” of serofunctional reactions, namely, the “inflammatory,” the “proliferating- 
fibrous” and the “mixed inflammatory and proliferating” types. The analysis of 
the “constellations” of results of serum function tests may be a valuable supplement 
to all the data available to provide a diagnosis and a prognosis of the pathologic 
process. Further investigations will reveal whether these laboratory tests are 
of practical value for routine use in cases of silicosis. A single serum turbidity or 
flocculation test is not of great diagnostic significance either in silicosis or in many 
other diseases, including hepatic diseases. On the contrary, a whole series of tests, 
with subsequent “constellations” of results and their typical patterns, are shown 
to be very interesting and useful for a differential diagnosis. 
VesicaL Lesions Due to Aromatic AMINE: Stupy or STATISTICS AND PREVEN 

tion. M. Barsorti and E. C. Viertant, Med. d. lavoro 40:129 (May) 1949. 

From 1931 to 1948 Barsotti and Vigliani carried on cystoscopic examinations 
of 202 of a total of 902 workers in two dyestuff plants where amine bases where 
produced or used. Many of these workers were examined repeatedly, seven or eight 
times in the course of seventeen years. A total number of 680 cystoscopies were 
performed. The repeated examinations made it possible for the authors to follow 
the evolution of the lesions of the bladder from early local congestion to the appear- 
ance and development of carcinoma. Tumors and cancer were encountered before 
appearance of symptoms. Carcinoma of the bladder occurred in 18 workers, 
sessile growths and papillomas in 9 and 7, respectively, and local congestion of the 
bladder in 73. The authors concluded that benzidine and betanaphthylamine have 
the highest carcinogenic power. The operations that especially expose the workman 
to the risk of lesions leading to tumors are the processing of benzidine base (filtra- 
tion, pressing, drying and milling) and the grinding and milling of betanaphthy- 
lamine. Aniline has no appreciable carcinogenic power. The minimum period of 
exposure for a tumor to appear was four years, and the maximum, twenty-eight 
years. The maximum period between cessation of exposure and the diagnosis of 
tumor was twenty years. 

Changes in the working processes, rigorous application of precautionary measures 
and periodical examination of the workmen have resulted in a reduction of the 
frequency of bladder tumors from amines 
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Errect or Prorective O1ntMeNT IN PropHytaxis of Uncerations to 
Sutruric Workers Copper AmMontum Processep Rayon. 
FE. Zanetti, Med. d. lavoro 40:139 (May) 1949. 


Observations were carried out on 15 workers in the spinning department of a 
large factory in which copper ammonium processed rayon is produced. It was 
noted that the continuous contact of the workers’ hands with the rayon thread 
soaked in a 3 per cent sulfuric acid solution caused lesions of the skin in about 
35 per cent of the workers. The lesions consisted of maceration of the skin of the 
hands, ulcerations of the hands and fingers, chronic purulent perionyxis and changes 
of the nails. The protective effect of the “invisible glove” of barrier ointment is 
excellent. In the cases observed by the author lesions and ulcerations rapidly 
healed, perionyxis disappeared and the nails greatly improved. The skin of the 
hands and fingers regained smoothness and softness. 


EmpyemMa or NasAL SINuses aS AN OccuPATIONAL Disease Due to Dust 
Innatation. W. Scumunrt, Pract. oto-rhino-laryng. 11:282, 1949. 


Schmidt says that in the course of animal experiments carried out over a period 
of years attention has been given to the effect of industrial dusts on the mucous 
membranes of the nose and of the nasal sinuses. Rabbits exposed to industrial 
dusts frequently presented empyema of the nasal sinuses. This empyema does not 
differ in its effects on the mucous lining from the empyema of the nasal sinuses 
of human subjects. Consequently when dealing with workmen who are exposed 
to dust the physician should give special attention to the nasal sinuses in addition 
to the main cavities of the nose. 


Dracnosts or AstumMa, EMPHYSEMA AND SILicosis BY INHALATION OF AEROSOLS 
CONTAINING VASODILATORS OR Vasoconstrictors. J. C. Gerrits, Nederl. 
tijdschr. v. geneesk. 93:1507 (May 7) 1949, 


Gertits shows that respiratory disturbances which follow the inhalation of an 
aerosol of a bronchogonstrictor substance (“acetylcholine 1 per cent”) can reveal 
the existence of a latent bronchospasm. Likewise the inhalation of a bronchodi- 
lator (“aleudrine 1 per cent” [“aleudrine” is isopropylarterenol]) will show to 
what extent emphysema is reversible. Thus the inhalation of aerosols can be of 
help in arriving at a diagnosis. In healthy subjects these aerosols cause no changes. 

The author says that in 9 of 13 patients with silicosis bronchospasm was 
detected by means of these aerosol tests. He suggests that this might explain the 
discrepancy between the slight roentgenologic changes and the severe functional 
disturbances and shortness of breath in certain cases of silicosis 


PuLMONARY ASBESTOSIS ; ANATOMICOPATHOLOGIC STUDY oF A Case. A. FRANCHINI 

and G. Canepa, Med. d. lavoro 40:161 (June-July) 1949. 

A man 40 years old had worked in a factory for twenty-two consecutive years, 
applying insulating material to articles of asbestos. He never complained about 
respiratory disorders, and he died as a result of a streetcar accident. The anatomi- 
copathologic diagnosis of the cause of death was that of cerebral paralysis resulting 
from concussion of the brain and fracture of the cranial base. During the necropsy 
the lungs were found to be the seat of extensive asbestosis, manifested as extensive 
sclerosis mainly of the base and middle zones of the lungs. Photographs of the 
lungs are shown. Histologic features were fibrosis of the basal and middle zones 
of the lungs. There were also lymphoid cell infiltrations, thickening of elastic tissue, 
reticulum uniformly thick in the sclerotic zones, very numerous asbestosis bodies 
uniformly occupying the lungs, hyaline degeneration and asbestosis bodies in the 
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neighborhood of the lymphoreticular texture of the cortical zone of the pulmonary 
lymph nodes. 

On the basis of this study the case is interpreted, dealt with and compared with 
two other cases unique in Italian literature. The authors direct attention to the 
disproportion between the gross features described and the awareness of trouble, 
the worker never having complained. The results prove the importance of 
prophylactic and therapeutic treatment and economic assistance of asbestos workers 
generally, particularly of those who apply insulating material. 


Industrial Toxicology 


Tue Varve or Berytiium IN THE DraGNosts oF BERYLLIOSIS 
R. Dutra, J. Cuotak and D. M. Husparp, Am. J. Clin. Path. 19:229, 1949; 
Chem. Abstr. 43:3119a, 1949. 


The diagnosis of acute or chronic beryllosis may, in some cases, be supported by 
the beryllium content of the urine. Beryllium was isolated from the urine of persons 
working in beryllium plants who had no symptoms of beryllosis, although some 
had previously had the acute pulmonary condition. During acute or chronic 
beryllosis, the urinary content of the element varies from day to day; hence a few 
negative results do not exclude beryllosis, and in an occasional case beryllium 


may never be excreted in the urine. Appreciable amounts were recovered from the 
lungs of all patients dead from beryllosis, except those of persons with the non- 
occupational chronic condition. In some cases beryllium was recovered from 
other tissues. 


CHEMICAL ABSTRACTS 


INTRAVENOUS PRocaIne HyprocHLORIDE IN AspHyxia Due To CARBON MONOXIDE 
Report oF THREE TREATED CASES AND Two Untreatep Cases wita ELec- 
TROENCEPHALGRAPHIC CorRELATION. C. W. A. A. Martnacct, J. W. 
Ray and E. W. Amyes, Bull. Los Angeles Neurol. Soc. 14:1 (March) 1949. 
This article was abstracted in the Journal of the American Medical Association 

(141:101 [Sept. 3] 1949). 


So.tusiuity AND Revative Toxiciry or Leap Curomate Il. G. C. Harrotp and 
S. F. Meek, Indust. Med. 18:407 (Oct.) 1949 
In this study Harrold and Meek extended their previous work by observing 
for forty months 26 men exposed to lead chromate in quantities greatly in excess 
of those regarded as safe for continuous exposure 


In their “Summary and Conclusion” the authors state; “We do not conclude that 
lead chromate cannot cause lead poisoning under certain conditions, but the evidence 
we have presented makes the appearance of lead intoxication from this source 
highly improbable in the industrial exposures which are likely to be encountered 
This conclusion is based almost entirely on the solubility characteristics of this 
compound. In those instances where the amounts of lead compounds which can be 
dissolved in body fluids, are equal to, or less than, the amounts which are transported 
and eliminated without harm to the organism, the potential saturation limit is the 
important factor. The factor of solubility, in this instance, is independent of 
particle size and, perhaps, of other possible influencing factors, whereas lead com- 
pounds soluble to a great degree in body fluids are dependent on particle size, both 
in regard to the rate of solution and other factors such as the transport of extremely 


fine particles in protecting envelopes. R. J. Suerwoov, Brookline, Mass 
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Toxic Errects or Percuranrousty Arsorsep Estrocens. M. A. 
and J. W. Gorozirener, J. A. M. A. 140:1156 (Aug. 6) 1949. 
A 44 year old man who was occupationally exposed to concentrated estrogenic 
solutions absorbed percutaneously an estimated equivalent of 6 mg. of estrogen per 
day, with consequent genital atrophy, impotence and gynecomastia. 


From tHe AutHors’ SUMMARY 


Tue Farcure or 2, 3 (BAL) to Arrect Acute, System 
Uranium Porsontnc. W. F. Neuman and R. P. Aten, J. Pharmacol. 
& Exper. Therap. 96:95 (May) 1949. 


Neuman and Allen describe the results of experiments to test the ability of BAL 
to neutralize the effects of uranium poisoning. An experiment was performed on 
albino rats which had been systematically poisoned with 3 mg. per kilogram of 
’ mercuric chloride which proved the efficacy of BAIL. to relieve the toxic effects of 
mercury compounds as much as thirty minutes after their administration in rats 
BAL was also assayed against three representative uranium compounds, hexavalent 
uranyl! nitrate (UOs[ NOc]e6HsO), uranyl fluoride (UO.F,) and tetravalent uranium 
tetrachloride (UCI,). Sixty rats were given 3 mg. of uranium per kilogram intra- 
peritoneally as a 0.63 per cent aqueous solution of uranyl nitrate hexahydgate. 
Another experiment was conducted with uranyl fluoride at a solution concentration 
of 0.324 per cent with 2.5 mg. of uranium per kilogram. In both these experiments 
a 1.24 per cent solution of BAL was used as a means of reducing the rat mortality. 
The results show that the BAL produced no appreciablq reduction in the mortality 
rate in either of the series. The negative results were taken as confirmatory 
evidence that uranium exerts its toxic effects primarily ty some other means than a 
combination of the -SH groups, a toxification process that BAL is capable 
of reducing. 


From NUCLEAR Science ABSTRACTS. 


Tue Care or tHe Leap Worker. Ronarp E. Lane, Brit. J. Indust. Med. 6:125 
(July) 1949. 


The material of this article was presented by Dr. Lane in London in the Milroy 
Lectures before the Royal College of Physicians. The Milroy Lectures were 


established for the presentation of important preventive medical data. Dr. Lane has 
utilized his experience of twenty years with English, lead industry to make many 
important points for prevention and care of lead poisoning. In addition, by outlining 
the history of the health aspects of English industries using lead and reviewing 


American and British literature in this field, he has given any student of lead 
toxicity—chemical, engineering, medical—rich food for thought. The points of 
greatest interest to the abstractor were the discussion of the relation borne by 
sex and age to lead exposure; the review of evidence that renal disease may be a 


consequence of a steady intake of lead; the wise review of the interpretation of 
the stippled cell levels observed in blood smears of lead workers. 

The sad fact is that the physicians in the United States who should read this 
article and digest its contents will never see it, and inept diagnosis of lead intoxica- 
tion will continue needlessly. Those workers in this country who are already 


interested in the control of illness in the lead industry will read Dr. Lane's article 
with satisfaction, taking from it for use certain points, but by no means agreeing 
entirely—the proper reaction to a sound presentation. 


Harriet L. Harpy, M.D., Cambridge, Mass. 
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Acute anp Curonic Beryttium Porsontnc. Harrier L. Harpy, Nuclear Se. 

Abstr. (supp.) 3:1 (Oct. 30) 1949 

Most persons suffering from beryllium poisoning come from plants extracting 
beryllium from beryl ore. Cutaneous irritations, which may heal with difficulty, 
and conjunctivitis are frequently seen. Acute respiratory diseases may occur and 
progress unless continued exposure is prevented. Once in the body, beryllium may 
have general as well as local effects, and radioactive beryllium has made possible 
the study of its effects. 

Chronic beryllium disease may result from prolonged inhalation of small 
amounts, Patients may be ill for about three years; few recover completely, and 
the mortality rate is about 20 per cent. Of reported cases, 120 involved employees 
of extraction plants, fluorescent lamp and copper-beryllium alloy workers and a 
few off-site persons living in the vicinity of beryllium plants. There may be a ten 
year lapse between exposure and development of disease, and repeated attacks of 
pneumonitis may occur with repeated exposure. The symptoms simulate those of 
tuberculosis, and the spleen, the liver, the skin and probably the bones may also 
be involved. Supportive therapy and cessation of exposure have decreased fatalities 
and reversed symptoms of chronic beryllium poisoning 


Arnoip A. Lear, Boston 


Sxin Sensitivity To Cerrimipe (CTAB). D. N. D. Cruicksnank and J. R. 

Sourre, Brit. J. Indust. Med. 6:164 (July) 1949 

Attention is drawn to the fact that N-cetyltrimethylammonium bromide 
(“cetrimide”), used widely in England as a wound cleanser, is capable of inducing 
cutaneous sensitization with subsequent rashes of varying degrees of severity 
Positive results of patch tests and the eosinophilia observed in a few cases of exten- 
sive skin reactions are presented as confirmatory evidence. Since it is a valuable 
antiseptic and the incidence of skin reactions low (1.5 per thousand) the authors 
suggest that N-cetyltrimethylammonium bromide be used only once in each case 
to avoid inducing sensitization by multiple applications 


Harrier L. Harvy, Cambridge, Mass 


Mercury Porsoninc FROM FINGERPRINT PHOTOGRAPHY AN OCCUPATIONAL 
Hazarp of Poticemen. J. N. Acate and M. Bucket, Lancet 2:451 
(Sept. 10) 1949. 

Agate and Buckell say that the powder most commonly used in the study of 
fingerprints by the police forces in Britain and the United States is “gray powder,” 
prepared in the usual way by triturating one part by weight of metallic mercury 
with two parts of chalk in a mortar. This powder seems to have a particular 
affinity for the sweat-formed latent prints and produces a good image for 
photographing. 

While in most police forces detectives are required to undertake fingerprint 
work as a minor part of their duties, the Lancashire Constabulary employs a body 
of men who are specially trained for fingerprint duties. At their headquarters 
some men search files of prints, while others develop and photograph latent prints 
on small objects brought in. The remainder of the men are stationed at scattered 
points throughout the country and are called in to take fingerprints at scenes of 


crime. With such specialization it is inevitable that these men should be working 
with gray powder for long periods, certainly for several hours each week 
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When the possibility of mercurialism arising from fingerprint work in the Lanca- 
shire Constabulary was recognized, the officer in charge of the men and 31 of the 
32 members of his staff volunteered for examination. Of the 32 men, 7 exhibited 
tremor, with or without other evidence of mercurialism. This tremor, which was 
coarse and distinctive though usually not severe, affected the hands in every case. 
In 3 cases it affected also the lips and the tongue and in 3 the eyelids. The 7 
affected men had all been exposed to gray powder over long periods; 2 had been 
exposed for thirteen years, 1 for twelve years, 1 for seven, 2 for five and | for four 
years. The exposures of the last 3 men were 250, 250 and 300 hours per year 
regularly. Those of the remainder had been more variable but had often reached 
this level. It seems that exposures of 250 hours or more a year constitute a 
real risk. 

The amount of mercury excreted in the urine does not seem to be a reliable 
guide either to the degree of exposure or to the presence of overt mercurialism. 

The mode of absorption is probably by inhalation of fine dust. The men's hands 
are covered with powder while they are working, and this powder may be directly 
absorbed through the skin, or it may be transferred by mistake to the mouth. 

Masks and gloves are not a practical solution of this problem. It seems best 
that gray powder should not be used for developing latent fingerprints. Powders 
that are free from mercury are now being tried. 


Acute Carson Potrsoxnrnc: Report or Taree Cases, ONE Fartat. 
D. Gorvon, M. J. Australia 2:95 (July 16) 1949. 

The 3 men whose cases are reported had the task of fumigating 12,500 bags of 
grain stored in a sealed building. In all, 40 gallons (about 150 liters) of carbon 
bisulfide was used. Unfortunately, owing to ignorance of the nature of the fumigant, 
the 3 employees entered the sealed room and emptied out each drum by hand 
Employee S., who was working on the floor, was overcome by the heavy fumes. 
Employees H. and P., who had been working on top of the grain stacks, both 
collapsed. S. was not recovered alive. 


H. remained in a hospital for twenty-four hours only. There were no permanent 
ill effects. P. was unconscious when admitted to the hospital; he showed some 
respiratory distress and a rapid pulse but did not appear to be suffering from shock. 
He recovered consciousness after an hour and a half. The next day he felt well and 
had no amnesia. He stayed in the hospital three weeks to allow healing of the 
burns which he had received from an explosion. 


Gordon emphasizes that it is highly dangerous’ for fumigators to enter a 
fumigation chamber to empty the carbon bisulfide containers. This is usually done 
by first sealing the chamber and then pouring the fumigant in from the exterior 
through “earthed” pipes especially placed for this purpose. 


OF Hemoporetic STERNAL MARROW IN Exectric Arc Workers. 
P. Menecuint and V. D’Onorrto, Med. d. lavoro 40:43 (Feb.) 1949, 


The authors stidied hemopoiesis in sternal marrow and in peripheral blood 
taken from 10 electric arc welders who worked in a close place. They observed 
that platelet formation and cellular regeneration were diminished in the sternal 
marrow. There was eosinophilia of marrow and peripheral blood. There was 
normocytic anemia with granulocytopenia and relative lymphocytosis. The main 
factors causing the hemopoietic disorders were the metallic aerosols inhaled in the 
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smoke of solder. Manganese and nitrous gas were of secondary importance. 
The harmful effects exerted by metallic aerosols on mitosis and on cellular repro- 
duction are acute. 


Unvusvuat Ovurpreak or Mercury Porsontrnc A Feut Har Factory. E. C. 
Vietrani and G. Baxrpt, Med. d. lavoro 40:65 (March) 1949. 


An unusual outbreak of mercury poisoning occured in a large felt hat factory 
in Italy in the winter and spring of 1943. More than 100 workers were poisoned. 
The main symptoms were acute tremor, psychic excitability, gingivitis with loss of 
several teeth, rheumatic pains and, in some cases, signs of extrapyramidal involve- 
ment. Many workers, specially women, have remained fully or partially disabled, 
up to now, notwithstanding the fact that they were removed from work that 
exposed them to mercury. The main causal factors of the outbreak were as follows : 
the increased number of working hours; the poor natural ventilation of the factory 
during winter; the small size of the sizing tanks and the proximity of workers 
to the tanks; the use of falling-off fur, especially for military hats; the insufficient 
period of the carroting process, and a diminished resistance of the workers of 
either sex because of nutritional deficiencies resulting from food restriction. The 
danger of mercury poisoning in this factory has been brought under control by 
establishing (1) brigades of experts for constant examination of the sanitary 
conditions of the factory, that is, its ventilation and the prevention of inhalation of 
mercury fumes and felt powder, (2) periodical frequent medical and dental examina- 
tions of workers and administration of medical and dental care, (3) provision of a 
daily pint of milk for each worker, (4) and frequent periodical fifteen day vacations 
for workers and vacations of several weeks for workers with early symptoms of 
mercury poisoning. 


or Fivorosis 1n INDUSTRIAL AND ALIMENTARY R. Trumaut, 
Semaine d hép. Paris 25:3086 (Oct. 10) 1949. 


According to Truhaut, chronic poisoning due to absorption of fluorine and its 
derivatives is of considerable importance with regard to industrial and alimentary 
hygiene. In discussing fluorosis etiologically he distinguishes between spontaneous 
and industrial fluorosis. Spontaneous fluorosis prevails in regions where the soil 
or the water is rich in fluorine. A peculiar disease of domestic animals, particularly 
of cattle, sheep and horses, called darmous or dermeus has been observed in 
French Morocco as well as in other parts of North Africa where the soil contains 
phosphates. The disease is characterized by a complex dystrophy of the secondary 
dentition. The same disease was observed in men likewise. Some French authors 
believe that it is due to the intake of water rich in calcium fluoride, while others 
consider the water as a secondary factor in the pathogenesis and attribute the main 
part to the plants grown on fluorine-containing soil and particularly to the 
phosphate-containing dust which covers the fodder of the cattle because of the 
aridity of the soil and the violence of the wind. 

Industrial fluorosis may be the result of employing fluorine derivatives as 
primary substances in the metallurgy of aluminum, beryllium and magnesium. 
Industrial fluorosis may also be due to fluorine derivatives which in the form of 
impurities contaminate the primary substances in the production of superphosphates 
(chemical fertilizers) in the manufacture of glass, enamel and cement, in the refining 
of petroleum and in the electrical welding of metals. 

Dental changes, changes of bone tissue such as osteopetrosis, osteosclerosis and 
osteoporosis, and fluoric cachexia are the main toxic symptoms of fluorosis. They 
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are the result of a disturbance of the phosphorus-calcium metabolism. Encouraging 
results were observed in patients with darmous who were given calcium phosphate. 
Administration of vitamin D is recommended likewise. Change of conditions of 
work is the best therapeutic course in cases of industrial fluorosis. 

According to a French decree, the physician who treats a patient with an 
occupational disease caused by fluorine, hydrofluoric and hydrofluosilicic acid must 
report the case to the authorities. Women may not be employed in the manufacture 
of hydrofluoric acid or in plants in which they will be exposed to the vapors 
of this acid. 


Deatus or Workers 1n Contact with Mercury Primers. E. LeperRGERBER. 
Schweiz. med. Wchnschr. 79:263, 1949, 


Intoxication of the mercury worker is due almost exclusively to the mercury 
absorbed through the respiratory tract. The mercury worker inhales in seven hours 
8.4 cubic meters of air with a total content of 4.2 mg. of mercury on the basis of 
500 micrograms per cubic meter and resorption of one fourth of the mercury vapors 
available in the air of the room, equivalent to 1.3 mg. per day. Absorption on this 
level was confirmed by values of urinary mercury as high as 1 mg. per liter. 


From CHEMICAL ABSTRACTS. 


PATHOGENESIS OF PHOTODERMATITIS FROM CHLORINATED NAPHTHALENES. V. M. 
Gavritova, Vestnik venerol. i dermatol. 1949, no. 3, p. 3. 


Polychloronaphthalenes cause professional dermatitis by initiation of photo- 
dermatitis and by disturbance ,of the follicular apparatus. The initial stages are 
reversible, and simple washing with benzene is effective. It is believed that the 
ailment is due to a lowering of skin resistance, rather than to an increase of skin 
sensitivity. Protective mechanisms are destroyed when the polychloronaphthalenes 
reach toxic levels. Activation of the polychloronaphthalenes by light is believed 
to take place, rather than activation of an epidermal reaction. 


From CHEMICAL ABSTRACTS. 


Medicine and Surgery 


Prostems tN INpustry. Y. K. C. Panoprt, Proc. Soc. for Study 
Indust. Med. 1:64 (June) 1949, 


TREATMENT OF Common INpUstRIAL INJURIES. J]. Coucn, Indust. Med. 
18:372 (Sept.) 1949, 


Couch outlines his methods for handling several types of injuries frequently 
seen in industry. The common hand and wrist injuries discussed are fractures of 
the proximal phalanges, Colles’ fracture and fracture of the carpal scaphoid bone. 
Low back pain is most often of muscular and fascial origin and responds to treat- 
ment. Common injuries of the knee are traumatic synovitis or hemarthrosis, tear 
of a collateral ligament and semilunar cartilage and loose bodies in the joint. 
Tears of the meniscus should be corrected surgically as soon as the diagnosis is 
certain. Patellar injuries should be managed as a rupture of the quadriceps liga- 
ment. The sprained ankle without fracture and with or without dislocation of the 
talus from its mortise is discussed. The principles of the treatment of cut and 
injured tendons are presented, with special reference made to failure due to suturing 


a cut tendon to a nerve. Arnotp A. LEAR, Boston 
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Common ProsLems InpustRIiAL Ceci. W. Leparp, Indust. 
Med. 18:378 (Sept.) 1949. 


Foreign bodies in the eye constitute a major problem in industry. The problem 
is, first, to find and remove the foreign body and, second, to preserve the sight by 
preventing infection and corneal scars. Ocular foreign bodies are more frequent 
among newer employees. Steps in removal of an ocular foreign body are the fol- 
lowing: 1. Obtain an accurate history. 2. Anesthetize the conjunctiva and cornea 
with 0.5 per cent tetracaine hydrochloride. 3. Locate the object with magnifying 
loupe and corneal fluorescein stain if necessary. 4. Look for follicular conjunctivi 
tis, ocular allergies, a chalazion, meibomianitis, etc. Intraocular foreign bodies may 
be detected by roentgenogram and removed by use of a magnet or by surgical pro- 
cedure. If there is great damage, consider enucleation to decrease the danger of 
sympathetic ophthalmia. 5. Remove foreign bodies with minimal trauma and avoid 
prolonged anesthesia, which tends to delay regeneration of the corneal epithelium 
Streptomycin, aureomycin and sulfacetimide are invaluable in preventing infection, 
but one must always consider the possibility of drug allergies. Large, poorly 
healing corneal abrasions may require a firmly fixed dressing 

For chemical burns, immediate irrigation is recommended. Ultraviolet rays 
may cause reaction of cornea, iris or conjunctiva, and infra-red radiation may cause 
cataractous changes; therefore special protective lenses should be worn. An 
employee’s visual acuity, color perception and muscle balance should meet minimum 


requirements for a given job. Arnotp A. Lear, Boston. 


ENGINEERING METHODS, IN OccUPATIONAL THERAPY AND [NpUSTRIAL REHABILI- 
tation. A. R. Tompson, Indust. Med. 18:385 (Sept.) 1949. 


ANALYsIS oF Firty Cases or Back Pain. Preston N. Barton, Indust. Med. 
18:391 (Sept.) 1949. 


Fifty cases of back pain allegedly due to injury have been studied from the 
standpoint of diagnosis, causation, working time lost, duration of symptoms, age 
and psychosomatic factors. The commonest diagnoses were lumbosacral, ilio- 
lumbar and muscle strain (in 36, 28 and 12 per cent, respectively). The alleged 
causes of the complaint were lifting, falling, pushing and bending (in 60, 10, 8 and 
8 per cent, respectively). 

Thirty-eight patients had roentgenograms ; 66 per cent of these showed at least 
one abnormality. Osteoarthritis was the most frequent finding and was detected 
in all patients over 50 years of age, compared with a control group, 96 per cent 
of whom had osteoarthritic changes without symptoms. Spina bifida occulta was 
seen in 10; the incidence was identical with the incidence in a control series of 
1,446 roentgenograms. However, spondylolisthesis was four times as frequent 
in the 50 patients as among controls. No fractures of disks were diagnosed. 
Twenty-two per cent of the patients lost time from work, with significant con- 
tributory psychosomatic factors being noted in one half of them. Twenty-seven 
were relieved of symptoms within two weeks. The most important single cause of 
prolongation of symptoms has been psychogenic. Psychosomatic factors were 
important in 30 per cent of the patients, and such patients should be studied from 
this standpoint. The duration of symptoms and the time lost were shorter in the 
cases of the younger patients. 

The treatment of back pain was supportive, with light work being provided 
when possible. Six of 10 patients treated with local procaine hydrochloride infiltra- 


tion were relieved of pain. Arnotp A. Lear, Boston. 
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Environmental Conditions 


Curangous Burns Due to Fiuorescent Licut. R. R. Bresver, J. A. M. A. 
140:1334 (Aug. 27) 1949. 


Five female operators worked under fluorescent lighting in a penicillin filling 
room. Each worked 11 to 14 inches (28 to 35 cm.) from a 20 watt fluorescent 
tube. The exposed parts of their skin presented the typical clinical picture of 
sunburn. The condition disappeared when plate glass shields % inch (6.5 mm.) 
thick were fitted round the lamps to absorb the ultraviolet rays. 


R. J. SuHerwoop, Brookline, Mass. 


Determination of Air-Borne Contaminants 


Removat or Mists AND Dusts Arr gy Bens or Fivurpizep Soups. H. P. 
MeIssNeR and H. S. Mickey, Indust. & Eng. Chem. 41:1238 (June) 1949. 


These studies were made on the principles of the technic by which sulfuric 
acid mist may be removed from air by beds of fluidized solids. Exploratory work 
on removing ammonium nitrate dust by this method is also described briefly. 

Hot sulfuric acid vapor was ejected into a stream of cool air to form the mist, 
which was passed through a mist meter to measure the inlet concentration, then 
through the fluidized bed and finally through another mist meter to determine the 
outlet concentration. The mists, highly stable, were made to vary in original 
concentration from 15 to 150 pounds per 10° cubic feet (about 6.5 to 68 Kg. per 
28,300 cubic meters) of air, with average droplet diameters of 2 to 6 microns. 
\ majority of the particles varied between 2 and 14 microns. The authors claim 
particle size variations small enough to permit photoelectric measurements within 
experimental errors. The bed materials tested were microspheres (aluminum 
silicate, < 170, 100-150 and 150-200 mesh sizes), silica gel, activated alumina, silica 
sand and glass beads (0.01 inch [0.25 mm.] diameters). 

lhe influences of many variables were studied. The log fraction of the mist 
remaining in the gas decreases linearly with increase in gas velocity (superficial gas 
velocities of 1.0-2.8 feet [33-87 cm.] per second). A 93 per cent collection efficiency 
was obtained at a superficial gas velocity of 2.8 feet per second and a pressure 
drop of 6 inches (15 cm.) of water on using a bed of silica gel (bed weight = 32 
pounds per square foot [about 1.5 Kg. per square decimeter]). Tests with initial 
loadings ranging from 20 to 165 pounds of mist per 10® cubic feet (9 to 74.5 Kg. 
per 28,300 cubic meters) of air and using beds of microspheres, silica gel and 
alumina showed that initial mist concentrations do not affect the fraction mist 
remaining in the gas. Microspheres, silica gel and alumina can pick up 5 per 
cent of their weight in acid before sticking and agglomeration destroy fluidization. 
Silica sand and glass beads show a life of only a few minutes, this brevity being 
due apparently to their low porosity. The age of the bed has no effect on per- 
centage of removal. Increasing the bed weight per square foot increases mist 
removal 

A discussion of the mechanism of removal based on collision between mist and 
bed particles leads to the same equation validated by experiment but with the 
exponent # = 1.> The authors cannot explain the differences in the value of » at 


the present time, Freperick J. Vices Jr., Boston. 


Composition oF CiGaretT Smoke: THe Gastous Prase. Joun B. Fisuer 
and J. F. Haskins, Indust. & Engin. Chem. 41:1374, 1949. 


The components of cigaret smoke have been reported by a number of different 
investigators. Among the known constituents of the gaseous phase of the prin- 
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cipal smoke stream are carbon monoxide, carbon dioxide, hydrogen sulfide and 
hydrogen cyanide. In the present work an attempt was made to determine 
these constituents as accurately as possible under conditions simulating those 
of normal smoking. The amount of carbon monoxide is shown to be less 
than 4.3 ce. per cigaret. Carbon dioxide is present to the extent of 7.7 per cent 
by volume, equivalent to 34 cc. per cigaret. Hydrogen sulfide is present as 0.0019 per 
cent by volume of the gaseous phase, and hydrogen cyanide was not detected. 
Acetylene was found in the cigaret smoke, and the presence of other unsaturated 


hydrocarbons was indicated. AurHors’ SUMMARY. 


Friecp Testinc ror Terrartuyt Leap rn Arr sy New Ten-Minute Meruop. 
Awnon., Petroleum Processing 4:281 (March) 1949. 


A rapid micromethod for determining tetraethyl lead in air, developed by 
Ethyl Corporation, is described. It is said to require about ten minutes and is 
accurate to better than | microgram of lead per cubic foot of air. The analysis can 
be performed in the field with a small portable sampling and reagents kit. The 
method is based on the fact that tetraethy! lead reacts with iodine to form a series 
of ethyl lead iodides, which in turn form colored complexes with dithizone, the 
color of which can then be compared with those of standards. Ordinary sampling 
devices are inefficient in collecting tetraethyl lead, and earlier analytic methods 
are long and tedious. The lead in inorganic materials and in liquids, such as 
water, gasoline and oils, can also be determined by this method. It is a single 
color method in which lead is extracted at fu 11. Full directions are given in 


the paper. Inpust. Hye. Founp 


Accidents and Their Prevention; Protective Equipment 


& 
3 

4 


PersonaL Factors in Inpustriat Accipents: A Stupy or Accipent Prone- 
NESS IN AN INDUSTRIAL Group. W. A. Wonc and G. E. Hosss, Indust. 
Med. 18:291 (July) 1949. 

The worker who is prone to major accidental injury can be identified by a 
simple analysis based on the relative incurrence of superficial injuries. The tendency 
to incur accidents appears to be a stable characteristic. Those who have minor 
accidents the most frequently have a disproportionate number of major accidents. 
The personal history of the high accident group differs from that of the low in 
being marked by evidence of aggression and intolerance for family, social or work 
discipline. From tHe AutHors’ SUMMARY. 
Promotinc Eve Sarety. A. G. BuNGENstock, Sight-Saving Rev. 19:79, 1949 

In the Western Electric Company, Kearny, N. J., a survey revealed that ocular 
injuries were suffered by employees engaged in 96 different occupations, ranging 
from bench hands, who suffered the greatest number of ocular injuries, through 
screw machine operators, platers and dippers, welders, wiremen and even some 
clerical workers. 

Almost 22,000 pairs of safety glasses were issued, with a cost, including the 
charges of oculist and optician, of about 58,000. But in that same period the lenses 
of 24 pairs of safety glasses were shattered. Every one of them undoubtedly 
saved an eye. The normal compensation rate and the attendant expense for the 
loss of an eye run to about $3,000. Thus 24 eyes would have cost the company 
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$72,000. Purely from a “profit and loss” standpoint, $14,000 was saved. But a 
more important consideration is that these 24 employees still have unimpaired 
vision. 


Protecting Eyesicnut Puiviprine Inpustry. J. S. and A. A, 
Gorosrt, J. Philippine M. A. 25:307 (June) 1949. 


Santilla and Gorospe show that ocular injuries are on the increase in Philippine 
industries. Although there is a law in the Philippines requiring that workers be 
physically examined in certain specified instances, the examinations are inadequate 
so far as the proper evaluation of ocular defects is concerned. 

A method of evaluating visual efficiency which is being followed in determining 
the percentage of visual loss for purposes of compensation is suggested for the 
use of the company physician in his routine ophthalmologic examinations. At 
the same time, an industrial “eye program” is recommended, and, with it, different 
types of goggles for the protection of the eyes are described. 

From the tentative list of ocular requirements for various occupations it can 
be seen that the minimum requirement for unskilled laborers doing outdoor work, 
who constitute the bulk of the working population in the Philippines, is as low 
as that of a one-eyed man with almost one-third visual efficiency of his useful eye. 
From this it can be deduced that the duty of the industrial physician is not to 
weed out those who are visually defective but to place them in the jobs for which 
they are best fitted. 

Industrial physician, employer and employee all must cooperate in the efforts 
to protect eyesight. The following practices are important factors in the program: 
testing the vision of applicants ; examining the eyes of those having defective vision ; 
properly placing the workers whose vision is defective; providing illumination 
without glare; educating employees as to the ocular hazards; protecting eyes on 


hazardous jobs, and promptly treating workers who haye suffered ocular injuries. 


Radioactive Substances and X-Ray 


Mevicat X-Ray Protection Up to Two Handbook 41, United 
States Department of Commerce, National Bureau;of Standards, March 30, 1941. 


This handbook supersedes no. 20 and is the work of a national committee under 
the chairmanship of Lauriston S. Taylor. The permissible dosage rate is taken 
as 0.300 roentgen per week. All barrier thicknesses are based on the assumption 
that 0.300 r per week is obtained by a constant dosage rate throughout a forty- 
eight hour week. Curves are given from which barrier requirements can be 
figured | 

This handbook is a manual of radiologic protection. It follows the format 
of previous handbooks of the Bureau of Standards; the discussion is trifling, but 
the text is full and clear. There are a few pertinent references at the end 


Drinker, Boston. 
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News and Comment 


POSTGRADUATE COURSE IN COMPENSATION MEDICINE 


Dr. Anthony J. Lanza, professor of industrial medicine at the New York Uni- 
versity Postgraduate Medical School and director of the Institute of Industrial 
Medicine, has announced a postgraduate course in compensation medicine to be 
held at the New York University Postgraduate Medical School from Feb. 27 to 
March 4, 1950. 

The course is being co-sponsored by the New York University Postgraduate 
Medical School and the American Academy of Compensation Medicine. It will 
be an intensive one, covering all aspects of medicine in compensation work. The 
tuition will be $25. 

Leading physicians from New York and the surrounding area are participating 
and covering both the general and the specific specialty problems that arise in 
compensation medicine. For example, there will be symposiums in such fields as 
dermatology, arthritis, peripheral vascular disease, pulmonary diseases, orthopedic 
problems, occupational diseases, neuropsychiatry, rehabilitation, tumors and 
radiology. 

This comprehensive and intensive program is highly recommended to physicians 
and others whose work requires a general Knowledge of the broad phases of medical 
practice involved in compensation medicine. 

Any one interested in this postgraduate course should write to the Office of the 
Dean, New York University Postgraduate Medical School, 477 First Avenue, 


New York 16, N. Y 
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Book Reviews 


Air Pollution in Donora, Pa.: Epidemiology of the Unusual Smog 
Episode of October 1948; Preliminary Report (Public Health Bulletin 
No. 306). By H. H. Schrenk, Harry Heimann, George D. Clayton, W. M 
Gafafer and Harry Wexler. Pp. 173, with 101 illustrations and 71 tables. 
Price $1.25 Superintendent of Documents, United States Government 
Printing Office, Washington 25, D. C 


MEDICAL ASPECTS 


Medically, the “Preliminary” Report of the Donora smog episode is an important 
contribution because (1) it is a serious and conscientious investigation of the 
effects of air pollution on a community; (2) it documents thoroughly the medical 
facts of this unusual disaster; (3) it is an experiment in methodology aimed at 
appraising the relationship of industrial air pollution and human health. 

The Donora incident did not affect only the aged and the sick. Almost 6,000 
persons, or 42.7 per cent of the community, were made ill, over 10 per cent seriously. 
Fifty persons were hospitalized, and 20 died. All age groups were affected, the 
severity increasing with age. Although there was a relatively higher incidence 
of illness among those who gave a history of bronchial asthma, chronic bronchitis 
or heart disease, the greater number affected, and 4 of the 18 fatally affected on 
whom there were complete data, had no history of prior chronic disease. The 
“smog illness” disabled over 10 per cent of the population for periods ranging 
from 1 to 15 or more days, for a total community loss of 8,457 days. 

The clinical syndrome was largely respiratory, with cough the most common 
symptom. However, about one third of the patients suffered gastrointestinal or 
other symptoms, chiefly headache. Autopsies of 3 patients gave inconclusive results 
The lungs revealed evidence that the primary effect was on the terminal bronchi, 
bronchioles and parenchyma, but hemorrhage, edema and necrosis appeared insuffi- 
cient to incriminate a chemical irritant. All 3 subjects had evidence of chronic 
cardiovascular disease. ‘The pneumonoconiosis common to all 3 led the authors 
to speculate on the possibility of a substance in otherwise nonlethal concentration 
being absorbed and carried into the lungs by the particles 

The factors influencing a fatal outcome seemed to be prior health status, age, 
color (the “nonwhite” fatality rate was higher) and place of residence (the com- 
munity of Webster suffered most); severity of involvement varied directly with 
inadequacy of housing. 


Several approaches were employed in studying the biologic aspects. In apprais- 
ing the acute phase, two main studies were done: (1) a community household 
study and (2) physicians’ interviews of a selected sample to obtain a picture of the 
clinical syndrome 

Of special interest were the efforts to explore long term effects of air pollution. 
The oral structures of school children were examined for effects of fluorides and 
acid aerosols, This investigation yielded negative results. The only sources of 
morbidity data were the sick benefit plans which had been instituted for workers 
at the steel and zine plants. These plans covered only two thirds of the male 
employees and provided only for illnesses causing absences of two weeks or more 


In view of such extremely limited data the finding that the sickness absenteeism 
was not significantly different from that shown in the operation of comparable 
plans in Pittsburgh cannot be regarded as conclusive. 
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Death certificates likewise revealed no important differences in mortality as 
compared with that of Pittsburgh. However, it was noted that there were several 
previous monthly rises in mortality in Donora at times when weather was conducive 
to formation of smog. This is especially interesting in the light of a number of 
patients’ past histories of attacks of dyspnea and other respiratory symptoms during 
previous smog episodes. 

ENGINEERING ASPECTS 


Since it was obviously impossible to measure the atmospheric contaminants of 
the Donora area at the time of the occurrence of the illnesses and deaths, atmos- 
pheric studies of three general types were made: First, the quality and the 
quantity of the atmospheric contaminants coming from industrial stacks, domestic 
sources, steamboats, trains and automobiles were considered; second, the quantity 
and the quality of the contaminants of the general atmosphere of the Donora 
area were determined over a considerable period of time and at numerous locations, 
and, third, the meteorologic conditions and patterns typical of the Donora Valley 
were observed. It was hoped, of course, that the industrial plant and other 
source-point studies would furnish reliable information as to the nature and relative 
quantities of harmful contaminants and that by measuring the levels of these 
contaminants during different meteorologic conditions it would be possible by 
extrapolation to estimate what concentrations of those contaminants probably 
existed at the time of the disaster. This is a recognized method of approaching 
problems of this nature, but it has serious limitations, and the conclusions reached 
must be qualified by a knowledge of such limitations. Measurements at the source 
points must be made with accuracy and in sufficient quantity to have reasonably 
small probable errors. The many factors involved in the meteorologic picture 
make it extremely difficult to generalize with respect to predictions, and finally, 
since the estimate of probable conditions is reached by extrapolation rather than 
by interpolation of data, it must be borne in mind that the errors in the basic data 
will be multipled. In view of these facts it follows that measurements at sources 
must be made with extreme care. Examination of the section of the report dealing 
with the evaluation of plant effluents indicates that samples for the measurement 
of both gaseous and particulate matter from stacks were usually collected through 
a % inch (12.5 mm.) iron pipe, a portion of which was cooled by a water jacket 
3 inches (7.5 cm.) in diameter and that this pipe was inserted into the stack 
perpendicularly to the direction of flow. Three serious sources of error in this 
technic, which were not discussed in the report, immediately suggest themselves. 
First, when a representative sample of a moving stream of air and particulate 
matter is to be collected, the open end of the collecting tube should face directly 
toward the oncoming stream of particles and the velocity at the open face of the 
collecting tube should closely approximate that of the air stream being sampled 
if an accurate sample is to be secured. Second, it is common knowledge that an 
air stream entering a stack through a breeching near the base inevitably adopts 
a spiral path, so that particulate material, that of larger diameters at least, is not 
uniformly dispersed throughout the cross section of the stack. Third, no mention 
is made of any precautions taken to prevent the sample's being contaminated from 
the particulate matter deposited on the inner surface of the stack, and the experi- 
ence of the authors has been that unless such precautions are taken, the resulting 


errors may be serious. In those cases in which the water jacket was used to 
cool the sample before it entered the electrostatic or impinging devices, conden- 
sation of moisture would have taken place, one may reasonably suppose, in the 
cooled portion of the collecting pipe. Even in those instances in which conden- 
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sation would not occur, it seems likely that particulate material would be deposited 
on the inner surfaces of the pipe from thermal precipitation. The report does not 
indicate that such condensate or deposit was considered, and this factor could 
have introduced serious errors in results for both particulate and gaseous material. 
In the matter of number of samples collected, a relatively small number of samples 
were collected from each stack and by averaging such samples an attempt was 
made to estimate what might be called the normal or mean daily discharge of each 
stack. A review of analyses of stack samples indicates that successive samples 
from the same stack varied over extremely wide ranges, possibly as a result of 
the factors just discussed under sampling methods 


COMMENTS 


No criticism is made of the general method of approach in the engineering 
study, and had it produced positive and conclusive results it would have served 
as a means of answering the fundamentai question as to the causative agent of 
the illnesses and deaths. The concentrations of chemical irritants found in the 
sampling of the general atmosphere, however, may be truthfully described as 
negligible when measured against current concepts of threshold tolerance values 
of any of the substances measured. It requires a considerable stretch of imagination, 
therefore, to conclude that the results of the three types of study mentioned have 
furnished a satisfactory explanation of the Donora episode. This is a matter of 
greatest concern to public health departments, since the general public in every 
part of the country now demands from them reassurance that “it can’t happen here.” 

The authors’ conclusions that the cause was a combination of substances is 
unsatisfying, at least to the medical mind. They speculate further that high con- 
centrations of particulate matter and the respiratory stimulation of carbon dioxide 
were “accomplices to the crime.” The fact that it was necessary to present 
hypothesis to account for the illnesses and deaths emphasizes how pitifully small 
is present knowledge of this problem. 

The recommendations, too, leave something to be desired. It would seem to 
the reviewers that a system of weather forecast warnings which would presumably 
regiment the scales of operation of industrial plants is an unrealistic substitute 
for adequate protection of the Donora air supply. One would like to see, too, for 
Donora and all communities an adequate system of morbidity recording. 


FRANK M. Sreap, B.SJCE., MS., 
Chief, Division of Environmental Sanitation, 
Department of Public Health of the 
State of California. 
Hersert K. Aprams, M.D., Berkeley, Calif. 
Chief, Bureau of Adult Health, 
Department of Public Health of the 
State of California. 


The Smog Problem in Los Angeles County: Second Interim Report. By 
the Stanford Research Institute. Paper. Pp. 64, with 29 charts and drawings 
and 20 plates. Western Oil and Gas Association, 510 West Sixth St., Los 
Angeles 14, 1949. 


The first report appeared in 1948 and was reviewed in the Journal of Industrial 
Hygiene and Toxicology (31:121, 1949). In the first report the authors showed 
that their smog index permitted reliable forecasting of normal conditions in the 
Los Angeles area 
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In the present report are given short chapters on analyzing the air (for unusual 
gases and unusual particulate matter), factors affecting visibility and causing 
irritation of the eyes, the meteorologic mechanism of smog, the smog index and 
smog forecasting. 

According to the conclusions of Paul L. Magill, the principal author, further 
improvements of the use of their smog index enable them now to predict correctly 
eye-irritating smog 84 per cent of the time. 

A specific etiologic agent has yet to be identified, but they appear to be hopeful 
of arriving at reasonable hypotheses by producing synthetic smogs in their 353 
cubic foot (about 10 cubic meter) experimental chamber. Using the maximum 
values of various constituents found by air analyses on smog days they have been 
testing a mixture containing ammonia, formaldehyde, sulfur dioxide and trioxide, 
nitrogen oxides and very small additions of acrolein, hydrogen peroxide, an oil 
aerosol and some carbon black in oil. None of these substances used in concen- 
trations actually found in air (less than 0.6 p.p.m.) causes typical smog-eye 
irritation, but together these substances definitely cause irritation. 

The reviewer might point out that the cause of the Meuse Valley disaster in 
Belgium (1930) and the recent trouble at Donora, Pa. (1948) is still unknown. 
It seems likely that the reason these disasters have not been explained is that the 
cause is complex and that a considerable number of foreign substances must be 
present under unusual meteorologic conditions for ill effects to be noted. 


Puitie Drinker, Boston. 


Applied Experimental Psychology: Human Factors in Engineering 
Design. By Alphonse Chapanis, Wendell R. Garner and Clifford T. Morgan 
Pp. XI and 434, with 196 figures and 13 tables. Price $4.50. John Wiley 
& Sons, Inc., 440 Fourth Ave. New York, 1949. 


There is great need for studies which attempt to relate the basic data of the : 
various biologic disciplines to the design and the use of machines and equipment. 3 
This book is a significant contribution to that end. Its primary objective is to : 
report and interpret fundamental research and applied tests in the development 5 
of a science that can deal adequately with the designing and operating of machines 
for human use. It is obvious throughout the book that the authors are more 
concerned with the subject of the subtitle than with that of the main title, possibly 
in deference to their own academic discipline. In the reviewer’s opinion, the subtitle 


is the preferable one because the nature of the problems dealt with are, broadly 
speaking, human ones, implying that the whole man is involved and not any single 
academic discipline, such as psychology. 


In the first chapter, it is brought out that applied experimental psychology 
developed primarily from time and motion studies, selection of personnel, and the 
results of the psychologic laboratory. It is then shown how the World War II 
imposed new demands on machines and on the men who operated them. Then follows 
a chapter on what is termed “a little statistics,” and another on the application of 
statistics. The first should be useful to those requiring a few reference points in 
this field. The second one applies these facts in an original and suggestive manner 
to an analysis of constant and variable errors that are disclosed when equipment 
is used by human operators. This material. should be of interest to industrial 
hygienists or industrial physicians who are not familiar with statistical methods. 
The illustrations of the statistical methods employed in studying complex man- 
machine relationships are novel and effective. 
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The next three chapters, 4, 5 and 6, deal with how one sees, i. e., with instrument 
dials and legibility, and visual displays, from the point of view of ease and effective- 
ness of seeing. After the physical stimuli involved in seeing have been discussed, 
several factors which relate to visibility and visual acuity are elaborated. In dis- 
cussing the use of the eyes at night and in daylight, the authors neglect the 
important variable of age in night vision. This variable is probably of greater 
importance than many of those which are discussed. Chapters 5 and 6 contain 
a great deal of new information directly related to the problems of the engineer. 
Many of the authors’ own and other experiments on dials, instruments and displays 
are ably interpreted in relation to the manner in which these are used by operators. 
In one part of the chapter, there is an attempt to reconcile two studies which 
gave diametrically opposed findings. No doubt those differences resulted from the 
nature of the experimental setup and are a warning to engineers that each specific 
problem of design should be worked out experimentally in order to obtain a satis- 
factory solution. The generalizations thus far established are apt to be misleading 
unless this is done. This is especially true in regard to legibility of numbers and 
symbols on dials. 

Chapters 7, 8 and 9 on hearing, speech and tonal signaling systems are just 
as good as the previous ones, in which the authors have contributed many original 
studies of their own. The physical properties of sound and the psychologic aspects 
of hearing are discussed as background material for the reception of speech and 
signaling. Emphasis is placed on factors influencing the intelligibility of speech, 
and these should be of great value and interest to acoustic and communication 
engineers. The chapter on tonal signaling systems also includes several interesting 
methods arising out of the war for reducing the excessive burden put on the eyes 
in the use of equipment. 

The chapters relating to how people make movements and to controls for human 
use deal with many new and original experiments in a greatly neglected field. It 
is made clear that controls can be designed which may be used safely and efficiently 
without the operator’s necessarily seeing them. Various useful illustrations are 
given of how position, size, shape and color can be employed to great advantage 
in the identification and use of controls. In the chapter on the arrangement of 
work, the main emphasis is on how to make working areas safer and more 
efficient by proper grouping and sequences in the operation of controls. Here the 
authors call on the physical anthropologist for valuable data as well as on those 
who are expert in time and motion studies. 

The chapter on working and resting is primarily concerned with the problem 
of fatigue, especially the decrements which are pres¢nt in various types of activities 
or working situations. The final chapter, on the working environment, refers only 
briefly to several variables, such as temperature and humidity, motion, noise, light 
and color. This book is an important contribution concerning the human factors 
that should be kept in view in the design and operation of equipment, especially 


the visual, auditory and motor factors. Ross A. McFartanp, Boston. 
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Past experience and present practice Poe ee 
are joined in setting the seal of 
clinical approval upon MAPHARSEN. 


“MAPHARSEN has largely replaced 
other arsenicals in the treatment of 
syphilis"* because the dose is smaller, 
toxic effects are less frequent, it is 
excreted more rapidly 

and is thereby less cumulative. 


Each day, thousands of ampoules of 
MAPHARSEN are administered — 
alone or with penicillin; in one or 
another treatment schedule — adding 
further evidence of its antiluetic 
effectiveness and relative safety. 


MAPHARSEN 


PARKE, DAVIS & COMPANY 
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SEX EDUCATION 


BOOKLETS 


@ FOR YOUNG PEOPLE 
Parents will find the help they are seeking In this moderp 
series of pamphiets by Dr. Thurman B. Rice. Being a physician, 
biologist and teacher, as well as the father of a family, Dr. Bice 
is well equipped to deal with this difficult subject properly and 
helpfully. 


THOSE FIRST SEX QUES- 
TIONS 


For the parents of very young 
children Answers to the 
groping questions of the lit- 
tlest ones. 40 pages. 25 cents 


THE STORY OF LIFE 


For boys and girls ten years 
of age, telling them how the 
young come to plants and 
human parents. 36 pages. 25 
cents 


HOW LIFE GOES ON 

For giris of high school age 
Their role as mothers of to- 
morrow 44 pages. 25 cents 


IN TRAINING 

For boys of high school age, 
interpreting their adolescent 
development in terms of ath- 
letic and other achievements. 
50 pages 25 cents, 


THE AGE OF ROMANCE 


For young men and women. 
dealing with the problem as 
a unit for both sexes. 44 
pages, 25 cents 


25¢ each 
Set of five in 


tile case, $1.00 


@ FOR ADULT READING 


Quantity prices 
quoted on request 


AMERICAN MEDICAL ASSOCIATION 


535 North Dearborn Street 
Chicago 10, tll. 


Also. . 


SEX aged FOR THE PRE- 
SCHOOL CH 
By Harold and Katherine 
Read 12 pages 15 cents 
SEX coveares FOR THE TEN 
YEAR O 
By Bolles 
cents. 
SEX EDUCATION FOR THE ADO- 
LESCENT 
By George W 
Landis. 20 pages. 
THE FACTS ABOUT SEX 
By Audrey McKeever To be read by 
parents or children 16 pages 15 cents. 
ANSWERS TO PRACTICAL QUESTIONS 


ON MENSTRUATION 
By Margaret Bell. 8 pages 


12 pages. 15 


Corner and Carney 
15 cents 


10 cents. 


SEX EDUCATION FOR THE MARRIED 
COUPLE 


By Emily Hartshorne Mudd. 12 pages 
15 cents 
SEX EDUCATION FOR THE WOMAN 
AT MENOPAUSE 
By Carl J. Hartman. 12 pages. 
Set of 5 titles as above, 50 cents 
GETTING READY FOR MARRIED LIFE 
By Howard Dittrick 29 pages. 20 
cents 
HELP FOR CHILDLESS COUPLES 
By J. D. Wassersug. 6 pages. 10 cents 


THE WORD YOU CAN'T SAY (MAS- 
TURBATION) 
By Hannah Lees. 


8 pages. 10 cents. 
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add 1.0 ce. of strained sheep plasma 


After an hour in test tubes containing 0.3 cc. of stand- 
ard and unknown heparin in serial dilutions, the 
fluidity of the recalcified sheep plasma enables quick : 
computation of the anticoagulant potency of the un- 
known heparin. 


This short and accurate bioassay of heparin was first 
described and developed by Upjohn research workers. 
Its advantages make possible more rapid standardiza- 
tion of the increased volume of anticoagulant prep- 
arations such as Depo*-Heparin now required by 
clinicians. 


Promptly effective and readily controlled anticoagu- 
lant therapy is provided by long-acting Depo-Heparin 
Sodium, with or without vasoconstrictors. These 
Upjohn preparations supply the natural anticoagu- 
lant in a gelatin-dextrose vehicle. A single injection 
produces anticoagulant effects lasting 24 to 48 hours. 


Literature describing anticoagulant therapy in detail 
is available on request. 


Upjohn “Trodemor, US. Pet. OF 


in the service of the profession of medicine 


THE UPJOHN COMPANY. KALAMAZOO MICHIGAN 
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Child 
Health 


Bad Habits in Good Babies. Herman M. Jahr. 16 pages 
15 cents. 


What Does Your Baby Put in His Mouth? Chevalier 
Jackson and Chevalier L. Jackson. Tells how to pre 
vent accidents from choking and what to do if they 
happen. 24 pages. 10 cents 


Keeping Your Baby Weill. 22 pages. 10 cents 


The Case of the Crying Baby. Herman M Jahr. 4 paces 
10 cents 


| | what to De About Thumb Sucking. William I. Fishbe! 


Lefthandedness. Paul Popence. 8 pages 10 cents 


Adoption. W. Allison Davis and Theo Carlson An 
understanding discussion of the best ways to adopt 
children and rear them. 12 pages. 15 cents 


Protecting Your Child from Allergy. William Gayle 
Roberts. & pages. 10 cents 


The Facts About Sex. Audrey McKeever. 16 pages. 
15 cents, 


Please remit with order 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. © Chicago 10 


LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 22. 


A Constantly Expanding Library of 


* PROGRESS IN INTERNAL MEDICINE 


Archives of Internal Medicine 


Original Studies . . . Observations . . . Findings 
in clinical medicine as observed at the bed- 
side or in the laboratory, come monthly to 
your desk. Also physiologic, pathologic and 
pharmaceutic researches that have a bearing 
on the nature, diagnosis and treatment of 
disease. Latest findings on such subjects as 
penicillin, the sulphonamides, tsutsugamushi 
tever, Chagas’ Disease, pulmonary embolism, 
ete. News and Comment, Book Reviews and 
Progress Reports 
Monthly e Well Illustrated 
Two Volumes Annually 


AMERICAN MEDICAL ASS? . 535 N. Dearborn St.. Chicago 10 
Please enter a subscription to Archives of Internal Medicine 
for one year and continue it until I instruct you to dis 
ontinue if 


1 enclose $ Bill me for $ 
-- M.D 
. STREET 
. CITY & STATE 
$10.00 YEARLY 
$11.00 FOREIGN $10.40 CANADIAN 
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DOCTOR, YOUR OWN 
NOSE PROVES IN SECONDS 


PHILIP MORRIS 
ARE LESS IRRITATING! 


YOU KNOW of the published clinical and laboratory 
studies* which have shown PHILIP Morris Cigarettes 
to be less irritating. BUT NOW — in seconds— YOU 
CAN MAKE YOUR OWN TEST... simple but 
convincing. Won't you try it? 


L .. light up a Puitip Morris 
Take a puff — DON’T INHALE. Just 


s-l-o-w-l-y let the smoke come through your 


nose. AND NOW... 


2 ... light up your present brand 
DON’T INHALE. Just take a puff and 
s-l-o-w-l-y let the smoke come through your 
nose. Notice that bite, that sting? Quite a 
difference from PHILIP Morris! 


With proof so conclusive, would it not be good practice 
to suggest PHILIP MORRIS to your patients who smoke? 


PHILIP MORRIS 


Philip Morris & Co., Ltd., Inc. 
100 Park Avenue, New York 17, N. Y. 


*Proc. Soc. Exp. Biol. amd Med., 1934, 32, 241-245; N. Y. State Journ. Med., 
Vol. 35, 6-1-25, No. 11, 590-392; Laryngoscope. Feb. 1935, Vol. XLV, No. 2, 
149-154; Laryngoscope, 1937, Voi. XLVI, No. 1, 58-60 
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For cold disinfection of instruments quickly, 
conveniently, effectively—Metaphen Disinfect- 
ing Solution. In the absence of blood or 
exudate, it kills common nonsporulating path- 
ogenic bacteria (except tubercle bacilli) in ten 
minutes. Other advantages: 


It keeps the chain of asepsis unbroken. 

It does not injure temper, finish, or cutting 
edges of instruments. 

It does not produce heat, fumes or offen- 
sive odors. 

It keeps instruments ready for instant use. 


It does not irritate skin or oral tissue. 


Tests made under office conditions showed 
that the potency of Metaphen Disinfecting 
Solution was not diminished even after one 
month of continual use. Give economical, 
time-saving Metaphen Disinfecting Solution 
a trial now, Available through usual source 
of supply in 1-quart and 1-gallon bottles. 
Assortr Lasoratories, North Chicago, Ill. 


Disinfecting Solution 


[Contains Metaphen (Nitromersol, Abbott) 1:2500} 
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